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Croig Cave: a Late Bronze Age ornament deposit 
?????????? ???????????????????????????????????????
north-west coast of Mull, Scotland
Steven Mithen* and Karen Wicks†
with contributions from Phil Austin, Stuart Black, Trevor Cowie, 
Sarah Elliott, Claire Ingrem, Brendan O’Connor and Sam Smith
?? ????????????????????????? ?????????????????????????????????????????????????????????
?? ?????????????? ??????????????????????????????????????????????????????????????
ABSTRACT
Activity within caves provides an important element of the later prehistoric and historic settlement 
pattern of western Scotland. This contribution reports on a small-scale excavation within Croig 
Cave, on the coast of north-west Mull, that exposed a 1.95m sequence of midden deposits and cave 
?????? ????? ??????????????c 1700 BC and AD 1400. Midden analysis indicated the processing of a 
???????? ????????? ?????????????? ?????????????????? ????????? ??????????? ????????????? ???????????????
????????????????????????????????????????????????????????????c 950 BC, a penannular copper bracelet 
?????????????????????????????????????????????????????????????????????????????????????????????????
a discrete ritual episode within the cycle of otherwise potentially mundane activities. Lead isotope 
analysis indicates an Irish origin for the copper ore. A piece of iron slag within later midden deposits, 
dated to c 400 BC, along with high frequencies of wood charcoal, suggest that smithing or smelting 
may have occurred within the cave. High zinc levels in the historic levels of the midden c AD 1200 
might indicate intensive processing of seaweed. 
?????????????
Croig Cave is located in a low cliff, above a 
steep slope made of large basalt boulders, 
??????? ?????? ??????? ?????? ????? ????? ??? ?????
(NGR:NM 38595442, illus 1). It is a small 
?????? ????? ?? ???????? ??????? ??? c 2.5m at 
???? ??????? ?? ???????? ?????? ??? c 5m and 
length of c? ???????????????????????????????????
??????????????????????????????????????????????
with the collapsed boulders forming a bank 
???????????????????????????????????????????????
cave mouth. Our attention was drawn to Croig 
????? ??? ?? ?????? ????????? ????? ???????? ???????
???? ?????????? ?? ??????? ??????????????????? ????
??????????? ???? ?????? ?????????? ???????????
??? ????? ??? ???? ?????? ????????? ???????????
Project. Although its topographic position 
???? ???? ??????????? ?????????? ???? ???????????
????????????? ?? ?????? ??????? ???? ?????????? ???
??????????????????????
???????????????? ?????????????????????????
depth of shell-midden; a piece of wood charcoal 
at 1.03m depth returned an AMS date of 
2639 ± 50 bp ??????????????????????????????????
?????????? ????? ???????? ???? ????? ??? ???? ???? 
at a depth of 1.90m and recovered three 
artefacts: a piece of iron-working slag, an 
64 | ??????????? ????????????????????????????
Illus 1 View of Croig Cave within the basalt cliff of northwest Mull, looking north towards the Isle of Rùm in the 
distance
amber bead and a copper bracelet. The slag 
came from within the shell midden itself, while 
the bracelet and bead came from a pit dug into 
??????????????????????????????????????????????
?????? ????? ????????? ??? ???????????? ??? ??????
??????????????????????????????????????????????????
??? ??? ????????? ??? ?????? ??????????? ?????????
???? ??? ???????? ?????????? ???????? ?????????
from the later prehistoric to historic periods 
??? ???? ????? ?????? ??? ?????????? ?? ???????? ???
??????????? ???????? ????? ????? ??? ?????????????
the sediments and midden deposits with the 
??????????????????????????????????????????????
site formation processes. 
DATA RECOVERY
EXCAVATION 
with Sam Smith
????????????????????????????????????????????????
?????????????????????????????????????????????
from roof and wall collapse, between which 
limpet (Patella sp) and periwinkle (Littorina 
???? ??????? ????? ????????? ?? ??2 test-trench 
???? ?????????? ??? ???? ???????? ????? ??? ???? ?????
??????? ??? ?????? ???? ?????????????? ??? ????? ????
current drip line and close to the western wall. 
When the depth of deposits reached 150cm, a 
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Illus??? ???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????
trench to enable access to the deeper deposits 
??????????????? ??????????????????? ??????? ????
????????????????????????????????????????????????
190cm, at which bedrock was reached. 
???? ??????????? ???? ??????????? ???????
????????????? ?????? ??? ???????? ????????????? ???
variations in sediment characteristics (illus 4, 
????????????????????????????????????????????????
?????????????????????????????????????????????
intervals through the depth of deposits (Samples 
CCBS:1 to CCBS:16) and these provided 
????????? ???? ???? ???????????? ???? ???????
???????????????????????????????????????????????
were hand-picked from the deposits during 
????????????
?? ??????? ??????? ??? ???????????? ?????
charcoal (CCRS:1), coming from a depth 
of 103cm, was submitted for AMS dating, 
??? ???? ???? ??? ???? ???????? ??????????? ??? ??????
????? ???? ??? ????????? ???? ???????????? ?????
of the deposit because no artefacts or other 
66 | ??????????? ????????????????????????????
Illus??? ?????????????????????????????? ??????????
indications of its period of formation had been 
recovered. This returned a date of 2639  ±  50 
bp (Beta-221404) (Table 2). In light of that 
?????? ??????????? ?????????? ??? ????? ???? ??
dating programme, based on limpet shells, was 
???????????? ??? ?????????? ???? ??????????? ???
the midden deposit. Limpet shells were chosen 
because the same specimens could also provide 
???????????????????? ???????????? ???? ???????
??????????????????
Individual shells for AMS radiocarbon 
??????? ????? ????????????? ??????? ?????????
from the shell-midden section at levels 
corresponding to the bulk samples or from 
????????? ??????? ???? ?????????? ????? ?????????
These shells were further inspected in the 
?????????????????????????????????????????????????
????? ??? ?????????????? ??? ?????????? ????????
characteristics such as the presence of residues, 
???????????????????????????????????????????????????
such characteristics were rejected. This resulted 
in 13 being selected for AMS dating, coming 
from 10cm to 25cm intervals throughout the 
depth of the deposit (CCRS:2 to CCRS:14). 
Each of the selected shells was cut in half, with 
???? ???????? ?????????? ??? ?????????????? ????
???? ?????? ????????? ???? ??????? ???????? ?????????
to reconstruct sea surface temperatures, the 
results of which have been reported elsewhere 
(Wang et al 2012). 
??????????????????????
?????? ???? ??????? ??? ???? ????? ????? ??????????
c? ???? ??? ??????????? ????? ???????? ?????? ????
??????????? ?????? ???? ????? ????????? ????????
?????????????????????????????????????????????????
????? ??? ???? ????????? ???????? ????? ????? ???????
??????????????????????????????????????????????
????????????? ?????????????????????????????????
?????? ????? ?????? ???? ???????? ?????? ?????????
????????????????????????????????????????????????
???? ???????????????????????????????????????????
????????????????????????????????????????????????
??????? ???????? ??????? ?? ?????? ?????? ???????
????????????????????????????????? ??????????????
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Illus 4 Schematic south-facing section of Trench 1, Croig Cave, showing stratigraphic units and location of 
bulks samples (CCBS:1-16) and dating samples (CCRS:1-14)
???????????????????????????????????????????????
????? ??????? ???? ??????????? ??? ??????? ??? ?????
???????????????????????????????????????????????
cramped conditions of the cave, with some 
evident in the trench section (illus 5). The base 
??? ??????? ??????? ???????? ????? ???? ?????
below the modern ground surface, the deposit 
sloping towards the south.
The dense midden deposit continued, 
???? ????? ?? ??????? ??? ???? ??????? ??? ?? ????????
??????????? ????? ?????????????? ??????? ???? ??
????? ???????? ??? ?????????? ??????????? ????????
?????????????????????????????? ??? ???? ?????? ???
??????? ?????????????????????????????????????
above a c 10cm thick horizon with similar 
?????????????????????????????????????????????????
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Table 1 
??????????????????????????????????????????????????????
    Context             Description  Bulk samples (depth, m) /  Dating sample
     (depth, m)     air dry weight, g  (depth, m)
?????????????????? ????????????????????????????????????????????????????????????????????? ???????????????????????????? ?????????????
? ????????????????????????????????????????????????? ?????????????? ????????????????????????????
??????????????????? ???????????????????????????????????????????????????????????????????????? ???????????????????????????? ????????????? 
? ????????????????????????????????????????????????????????
??????????????????? ????????????????????????????????????????????????????????????????????????? ???????????????????????????? ????????????? 
? ???????????? ??????????????????????????????????????????????????????? ???????????????????????????? ????????????? 
? ????????????????????????????????? ??????????????????????????????????? ??????????????????????????? 
? ????????????????????????????????????? ????????????????????????????
?????????????????? ???????????????????????????????????????????????????????????????????????? ???????????????????????????? ????????????? 
? ??????????????????????????????????????????????????????????????????? ???????????????????????????? ????????????? 
 southern edge and thins to 0.5cm at northern edge. Below CC102b,   CCRS: 8 (1.02) 
 above CC103b. 
?????????????????? ??????????????????????????????????????????????????????????????????????? ????????????????????????????? ?????????????
 charcoal lenses towards the base. Below CC103a, above CC103c.  
??????????????????? ??????????????????????????????????????????????????????????????????? 
 CC104, CC108 and CC112. 
?????????????????? ????????????????????????????????? ?????? ??????????????????????????? ????????????????????????????? ?????????????? 
 and CC108. Below CC103c, above CC104. 
CC104 (1.15–1.20)? ???????????????????????????????????????????????????????????????????? ???????????????????????????? 
? ?????????????? ????????????????????????????????????????????????????? 
 the west side of the trench. Below CC103c and CC108, above CC109.  
????????????? ????????????????????????????????????????????????????????????????????? 
? ??????????????????????????????????????????????????????????????????? 
? ?????????????????????????????????????????????????????????
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??? ?? ????? ?????? ??????????? ????????? ????????
A piece of iron slag was recovered at a depth 
????????????????????????????????????????????? 
c ???? ?????? ??? ?????? ?????????????? ?????? ?????
????????? ???????? ????? ????????????? ??????
shells and charcoal fragments (illus 5). 
At the base of CC103c, 115cm below the 
??????? ???? ????????? ???? ????????? ??? ???? ?????
changed their nature to become consolidated 
??????????????????????????????? ???????????????
??????? ????? ??????? ??????????????? ????????
CC112 was a c 5cm thick reddish-brown 
horizon that began 30cm east of the west 
????? ??? ???? ?????? ???????? ??? ????? ???????? ??
???????? ?????? ??? ?????? ?????? ????? ?????????
CC104) that covered the entire surface of the 
trench and contained two sub-circular pits, 
????? ?????????? ???????? ??? ???? ??????? ?????????
??????? ???? ???? ????? ?????????? ????? ???????
Fill CC108), with a diameter of c ?????? ????
?????????????????????????????????????????????????
??????????????????????????????????????????????
of similar size (diameter c 33cm) but more 
??????????? ?????? ???? ?????? ????? ?????? ???
??? ????????? ?????? ????? ??????????? ??????????
as scoops or depressions rather than pits. 
???? ????? ???????? ??????? ????? ????????????
?????????? ????? ?????? ???????????????? ?????????
???????????? ???? ???????? ??? ???????? ??????
????? ?????? ????? ????????? ???????????? ??????
?????? ????????? ???????? ?????? ???? ???????
???? ??????? ????? ????? ???? ??????? ????????
????????????????????????????????????????????? 
???????? ????????? ??????? ???? ???? ??? ??????
?????????????????????????????????????????????
(illus 8). 
Below CC104, at 120cm, there was a 
c ????????????????????????????????????????????
sand, with some shell, bone and charcoal 
?????????? ?????????????????????? ???????? ????
entire trench, with bedrock now becoming 
???????? ??? ???? ???????? ????? ??? ???? ????? ????
???????????????? ??? ???????????????????????????
???????????????????????????????????????????
characteristics but more greenish in colour and 
??????????????????????????????????????????????
?? | ??????????? ????????????????????????????
Illus 5 South-facing section, Croig Cave
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Table 2
Radiocarbon determinations and their calibrations
 Sample  Laboratory Material ?13C Radiocarbon Cal BP Cal BP Cal BC Cal BC
        no code  (‰) Age (68.2% (95.4% (68.2% (95.4%
    (14C years BP) probability) probability) probability) probability)
??????? ???????????? ?????? ????? ????? ? ?? ???????? ???????? ad 1200–1320 ad 1130–1400
CCRS:3 Beta-252891 Shell +0.5 1160 ± 40 840–690 900–660 ad 1110–1260 ad 1050–1290
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ?????? ??????
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ???????? ???????
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ???????? ??????
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ??????? ??????
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ???????? ???????
??????? ???????????? ????????? ?????? ????? ? ?? ?????????? ?????????? ???????? ???????
??????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ????????? ????????
???????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ?????????? ?????????
CCRS:11 Beta-251119 Shell +1.0 3390 ± 40 3410–3250 3480–3160 1460–1300 1530–1210
???????? ???????????? ?????? ????? ????? ? ?? ?????????? ?????????? ?????????? ?????????
CCRS:13 Beta-252896 Shell +0.9 3520 ± 40 3560–3400 3630–3330 1610–1450 1690–1390
CCRS: 14 Beta-251120 Shell +0.5 2420 ± 40 2250–2060 2310–1980 310–110 360–30
?? | ??????????? ????????????????????????????
??????????????????????????????????????????????
?????????????????????????? ??? ?????????????????
????????????????????????????????????????????????
cramped conditions of the cave and the narrow 
dimensions of the trench. CC111 was similar to 
CC110, but with basalt fragments and a higher 
???????????????????? ??? ???????????????????????
of this deposit was halted at a depth of 185cm 
when bedrock covered c 90% of the base of the 
trench, with the estimation that entire bedrock 
would be reached at 190cm.
??????????? ??????
The 16 bulk samples were air-dried, weighed 
and split into two representative sub-samples. 
????? ??? ???? ????? ???? ??? ???????????? ????
???????????????????????????????????????????
Illus??? ????????????????????????????????????????????????????????????????????? ?????????????????????????????????
CC103a–c, discontinuous in plan
?????????? ??? ????????????? ???? ?????? ?????????
were sorted for archaeological material, which 
fell into three categories: shell, bone and wood 
charcoal. This material was retrieved from the 
???????????? ??????? ??? ????? ????????? ?????????
??? ???? ???? ??? ?? ?????? ??? ?????????????????
??????????? ??? ?? ????? ??????????????? ??????
was a complete absence of artefactual material 
within the bulk samples. The second set of 16 
???????????? ????????? ?????????? ???? ?????????
???? ???????????? ?????????? ????? ???? ?? ?????
????????????????????????????????????????????????
and elemental composition. 
??? ??????? ??? ???? ???????????? ?????????? ????
control sediment samples were collected from 
???? ????????? ??? ???? ?????? ????? ???????? ?????
???????? ??? ????? ?????? ????? ???? ??????? ?????
surface were taken at various locations within 
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Illus??? ???????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
Illus??? ??????????????????????????????????????????????????????????????
?? | ??????????? ????????????????????????????
Sequence Croig Cave [Amodel:132]
Boundary Croig Cave start [C:97]
Sequence Phase 1
Boundary Phase 1 start [C:100]
R_Date Beta-252896 [A:100 C:100]
R_Date Beta-252897 [A:104 C:100]
R_Date Beta-252895 [A:102 C:99]
R_Date Beta-251121 [A:93 C:99]
Boundary Phase 1 end [C:99]
Sequence Phase 2
Boundary Phase 2 start [C:99]
R_Date Beta-252893 [A:94 C:100]
R_Date Beta-251118 [A:100 C:99]
R_Date Beta-252892 [A:103 C:99]
Boundary Phase 2 end [C:98]
Sequence Phase 3
Boundary Phase 3 start [C:98]
R_Date Beta-252891 [A:102 C:100]
R_Date Beta-251116 [A:103 C:100]
Boundary Phase 3 end [C:99]
Boundary Croig Cave end [C:97]
6000 4000 2000 1BC/1AD 2001 4001
Modelled date (BC/AD)
OxCal v4.1.7 Bronk Ramsey (2010); r:5 Marine data from Reimer et al (2009);
Illus??? ???????????????????????????????????????????????????????????????????????????????????????????????????????????????
????????????? ????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
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???????????????????????????? ??????????????????
??? ??????????? ?????????????? ???????? ???????
????????? ??? ?????????? ?????? ?? ????? ???????
of beach sand was collected from various 
locations on the foreshore and backshore at 
Croig, to provide an allochthonous control 
sample (Control 2, Sample CCBS:18). 
Radiocarbon measurements and calibrations 
for the 13 shell samples (CCRS:2 to CCRS:14) 
and one piece of wood charcoal (CCRS:1) 
????? ????????? ??? ??????????????? ????? ???????
??????????????????????????????????????????????
?????????????????????????????????????????????
?????? ???????? ?????????? ??????? ????????? ???
????? ????????? ????? ?????????? ???? ???????????
???? ???????? ???? ???? ????? ???????? ????????? ???
????????????????????????????????????????? ???????
???? ????????? ????????????????? ?????? ??????
???????????? ??????? ?????? ???????????? ???????
particle size distribution (PSD), loss on ignition 
?????????????????????????????????????????????????
????????? ?? ????????? ???? ??????????? ????????
????? ??? ???? ?????????????? ???? ??????????????? ???
the shell, bone and wood charcoal recovered 
from the sieve residues. 
RADIOCARBON DATING, BAYESIAN 
?????????? ??????????
The calibrated results for the 14 AMS dated 
samples from Croig Cave are given in Table 
??? ?????? ????? ????? ??? ?????????? ?? ?????????
chronological model for the shell midden, 
which has acceptable agreement indices (ie 
??? ??????? ??? ????? ??????? ???????? ?????????
99.8%) and convergence values (>  95%) (illus 
???? ????????????? ???? ?13C values obtained for 
the shell and wood charcoal samples are in 
??????????? ????? ?????? ????????? ???? ???????
????????????????????????? ????????????? ????????
?????? ????? ?????????????? ???? ?????????? ??? ????
???????????? ????????? ????? ????????? ??????????
????? ????????? ??????? ??? ???? ?????????? ??? ????
midden spanned three millennia, with three 
????????????????????????????
???????
This phase comprises the lower stratigraphic 
?????? ?????????????? ????????? ??????? ???????
CC109, CC112, CC104, CC108 and CC106, 
????? ?????? ???? ???? ?????? ????? ????????
?????????????? ????????????? ?????????????
Beta-251119, Beta-252895 and Beta-25112). 
Samples CCBS:11 to CCBS:16 relate to this 
???????????????????
???? ???? ???? ???????????? ?????? ?????????
a group of calibrated values falling within the 
late 1st to late 2nd millennium cal bc, with 
???? ?????????? ??? ???????????? ??????? ?????
?????? ??? ???? ????? ??? ???? ????????? ??????? ????
????? ????????? ?? ????????????? ???????? ??????
corresponding to those obtained from Phase 2 
????????????????????????????????????????????????
????? ?????????????????????????????????? ??? ???
????????????????????????????????????? ????????
????? ???? ??????? ????? ???? ???????? ???????? ???
?????????????????????????????????????? ????????
above, CC111 was the deepest deposit at the 
base of a narrow trench through unconsolidated 
shell midden and hence such contamination 
is not surprising. Beta-251119 coming from 
CC109 was also eliminated because it was 
?????? ????? ???????? ?????????? ??????????????????
?????? ????? ???? ?????????? ????? ??????????????
??????????? ???? ???? ??????????? ??????? ???????
trenches through shell middens because these 
??????????????????????????????????????????????
with interleaving dumps of material and 
?????????????????? ???????? ???????? ??? ??? ??????
surprising that 10 of the 14 AMS dates from 
the small trench in Croig Cave were in ‘correct’ 
stratigraphic order. 
?????????? ???????? ?????????? ??????? ??? ??????
9) place the start of accumulation of the shell 
midden (base of Phase 1) between 1720–1460 
cal BC (3670–3400 cal BP?? ?????? ?????????????
and 2070–1390 cal BC (4020–3340 cal BP; 
?????? ?????????????? ???? ???? ??? ?????? ?? ??????
to between 1000–690 cal BC (2950–2630 cal 
BP?? ?????? ????????????? ???? ????????? ??? bc 
?????????????? bp?????????????????????? ????????
?? | ??????????? ????????????????????????????
?????????????????????????????????????????????????
falling within the Bronze Age. 
The bracelet and amber bead were found 
??? ?? ???? ???? ???????? ???????? ??? ??????????? 
???? ?????????????????? ??????????? ????? ???????
from which the shell providing date Beta- 
??????? ???? ?????????? ??? ?????? ???? ?????
Table 3
?????????????????????????????????????????????????????????????????
     Sample  Laboratory      Posterior density Posterior density
           no           code               estimate            estimate
       cal BC/AD (95.4%      cal BP (95.4%
             probability)         probability)
CCRS:2 Beta-251116 cal ad 1110–1360  840–590
CCRS:3 Beta-252891 cal ad 1050–1300  900–650
??????? ???????????? ????????bc–cal ad????? ?????????
CCRS:5 Beta-251118 340–10 cal bc 2290–1960
CCRS:8 Beta-252893 440–100 cal bc 2380–2050
??????? ???????????? ?????????????bc ?????????
CCRS:10 Beta-252895 1450–1140 cal bc 3400–3090
???????? ???????????? ??????????????bc ?????????
???????? ???????????? ??????????????bc 3620–3330
Table 4
??????????????????????????????????????????
  Phase         Radiocarbon                                     Laboratory codes                                 ?2
           sample nos 
  3 CCRS:2 & 3 Beta-251116 & Beta-252891 Df = 1; T = 2.5 (5% = 3.8)
? ? ?? ????????????? ???? ?????????????????????????????????????? ?
? ? ???????????? ??? ? ???? ? ??????? ? ???
? ? ?? ??????? ??? ???????????? ????????????? ??? ? ???? ???????? ? ???
? ? ?? ???????????? ???? ????????????????????????? ????????????? ??? ? ???? ? ??????? ? ???
?????????????? ???? ???? ??????????? ??? ????
bracelet and bead in the midden is provided 
???????????????????????????????????????????????
from CC112, placing it between 1030–840 cal 
bc ?????????????? bp?????????????????????????
????????? ??? bc ??????????? ??? bp; 95.4% 
?????????????
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Three of the radiocarbon dates (Beta-
???????? ???????????? ???? ?????????????
obtained from material contained in the 
lowest levels of the midden were shown to be 
?????????????? ??????????? ??2-test: Df = 2; T = 1.2; 
5% = 6.0; Table 4). When considered alongside 
???? ?????????????? ????????????? ???????????? ??????
(Beta-252896 and Beta-251121) derived from 
?????? ??? ??? ?????????? ?? ???????? ??? ??????
depositional events resulting in the deposition 
of midden material during the late 1st to late 
2nd millennium cal bc. The calibrations indicate 
??????????????????????????????????? c 1530 cal 
bc (c 3480 cal bp?? ?????? ????????????? ?????
252896), c 1340 cal bc (c 3290 cal bp; 95.4% 
????????????? ????????????? ???????????? ????
Beta-252895) and c 960 cal bc (c 2910 cal bp; 
????????????????????????????????
???? ???????? ?????????????? ????? ??????????
???? ??????????? ??? ??? ?? ???????? ??? ???????
???????????? c ???????? bc ???????????????????
???? ?????? ?????????? ?? c 420 cal bc (95.4% 
??????????????????????????????????????????
???????
????? ?????? ?????????? ????????? ?????? ????
CC102b in the upper levels of the midden, from 
?????? ???? ???? ?????? ????? ????????? ??????
221404, Beta-252893, Beta-251118, Beta-
???????? ???????????? ???? ?????????????? ???
such, CCBS:4 to CCBS:10 derive from Phase 2 
?????????
???? ???? ??????????? ???? ?????? ?????????
a group falling within the mid- to late 1st 
millennium cal bc (Table 2), with the dates 
??? ?????????????? ?????????? ??????? ???? ????? 
???????????????????????????????????????????
from the chronological model, as was Beta-
???????? ???? ????? ???????? ????? ????????????
wood charcoal. Although it is in stratigraphic 
?????????? ????? ?????? ????????? ????????????
below and above its level (103cm), the 
???????????? ??????? ??? ???? ??????? ??????? ?????
???? ??????????????? ??? ??????????????????? ????
these samples removed from the chronological 
model the agreement indices reach acceptable 
levels. 
?????????? ???????? ?????????? ??????? ???
place the start of the accumulation of CC103, 
representing the base of Phase 2 and positioned 
?????????????????????????????????????????????
the bracelet and amber bead, at between 480–200 
cal bc (2430–2150 cal bp?? ???????????????????
??????????????? bc ?????????????? bp; 95.4% 
?????????????? ???? ???? ??? ????????????? ???????
?????? ?? ??? ??????? ???????? ???? ??? bc–cal ad 
140 (2110–1810 cal bp?? ?????? ?????????????
and 320 cal bc–cal ad ?????????????????? bp; 
?????? ????????????????? ?????? ?????? ?? ?????????
can be characterised as falling within the Iron 
Age.
Table 5
Average sediment accumulation rates
 Phase                  Depth                   Maximum period  Sedimentation rate 
 (m below surface)                        of deposition              (cm/year)
  (years; 95.4% probability)
3 –0.25 to 0.00  1210 0.02
?? ??????????????? ????? ????
1 –1.90 to –1.20 1650 0.04
?? | ??????????? ????????????????????????????
The piece of iron slag was found in CC103b, 
from which dating sample CCRS:1 (Beta-
221404) was also recovered. That provided a 
??????????????????????????????? bc ???????????
cal bp???????????????????????????????????? bc 
(2860–2540 cal bp?????????????????????????????
??? ?????????????????? ?????? ???? ????????????????
to c ???? ??? bc. The calibrated value of Beta-
??????? ???? ????????? ????????????? ?????? ?????
?????? ???????? ????? ????? ?????? ???? ???? ???
?????????? ??? ??? ???? ????? ???????? ???? ???????
?????? ??? ???????????? ?????? ???????? ??????????
?????????????? ???????????????????????? ????????
chronological model for estimating the age of 
the slag and suggest that a date of c 400 bc is 
most reasonable.
Two sets of radiocarbon dates obtained 
from material collected from Phase 2 were 
?????? ??? ??? ?????????????? ??????????? ??????? ????
???????????? ???? ???????????? ?????? ?????
identical; Beta-251118, Beta-252894 and Beta-
252892 formed the other set. Furthermore, 
Beta-251120, the anomalous date within Phase 
??????????????????????????????????????????????????
???????????????????????????2-test: Df = 3, T = 4.9, 
????????????????????????????????????????????????
it had derived from material dislodged from 
the upper levels of the section face during 
???????????? ???? ???????????? ???????????? ???
radiocarbon dates indicates that a minimum 
of two depositional events resulted in the 
accumulation of midden during Phase 2, with 
???? ????????????? ??????????? ????? ?????? ????
have been centred on 290 cal bc (c 2240 cal 
bp??????????????????????????????????????????
??????????? c 190 cal bc (c 2110 cal bp; 95.4% 
????????????? ????????????? ????????????? ?????
252892 and Beta-251120). If the wood charcoal 
date (Beta-221404) is taken at face value then a 
further deposition event is possible, centred on 
c ??????? bc (c ???????? bp?????????????????????
Beta-221404). As noted above, we suspect that 
Illus???? ???????????????????????????????????????????????
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???? ?????????????? ???????????? ????????? ?????
??????????????????????????????????? ????????????
The average sedimentation rate was 
??????????? ??? ??? ?? ???????? ??? ??????????? 
between c ???? ??? bc (c ????? ??? bp; 95.4% 
????????????? ??? c cal ad 610 (c 1340 cal bp; 
????????????????????????????
???????
????? ?????? ?????????? ????????? ??????? ????
CC101and has two AMS dates (Beta-252891 
and Beta-251116). Samples CCBS:1 to 
??????? ??????? ??? ????? ????? ?????? ??? ??????????
The two radiocarbon dates were in stratigraphic 
?????????????????????????????????????????????????
the 2nd millennium cal ad (Table 2). Posterior 
???????? ?????????? ??????? ??? ??????? ???? ??????
of this Phase 3 accumulation of shell midden 
Illus???? ???????????????????????????????????????????????????????
at between cal ad 1010–1260 (940–690 cal 
bp?? ?????? ????????????? ???? ??? ad 530–1300 
(1420–650 cal bp?????????????????????????????????
Phase 3 is placed at between cal ad 1200–1410 
???????????? bp???????????????????????????? ad 
?????????????????????? bp??????????????????????
As such, we have chosen to describe this phase 
??????????????????????????????????????????????????
??????????????? ????? ?????? ??? ??? ??????????????
??????????? ??2-test: Df  =  1, T = 2.9, 5% = 3.8), 
????????????????????????????????????????????????????
?????? ?????? ?????? ?????????? ???????? ??????????
????????? ??????????????????????? c cal ad 1200 
(c ??????? bp???????????????????????????????
The average sedimentation rates was 
??????????? ??? ??? ?? ???????? ??? ??????????? 
between c cal ad 530 (c 1420 cal bp; 95.4% 
????????????? ?? c cal ad ????? ?c 210 cal bp; 
????????????????????????????
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ARTEFACTS
Trevor Cowie and Brendan O’Connor
?????????????
A fragment of run slag, 62mm  ×  26mm  ×  35mm 
was recovered from within CC103 at a depth 
????????????? ???????????????????? ????? ?????????
???? ????? ?? ???????????? ???????? ????????????
is characteristic of material allowed to run 
from a furnace, often called ‘tapped’ slags. 
Although such material is often indicative of 
????????? ????????? ??????? ???? ???? ?????? ????? ??
?????????????????????????????????????????????????
????? ????????? ???? ???????????? ??????????? ?????
????? ???????? ???? ??? ?????? ??????? ??? ?? ????????
??????????????????????????????????????????
?????????????????? ?????????????
A complete penannular bracelet (illus 11) was 
?????????? ?????????????? ?????????? ???????????
CC108), within which the amber bead was also 
??????? ????????????????????? ?? ????????????????
???? ???????? ?? ???? ???????????? ???? ????? ????
a width of 4.1 to 5.5mm and a thickness of 4.1 
to 5.5mm. Its weight prior to conservation was 
????????????????????????????????????????????????
?????????????????????????????????
???????????????????????????????????????????????
???? ?????? ???? ???? ????? ???????????? ???????? ????
?????????????????????????????????????????????? ???
????????????????????????????????????????????????
??????????????????????????? ?????????????????????
???????? ??? ??? ?? ???????????? ??? ????????????
rather than wear. The terminals have not been 
??????????????????????????? ??????????????????????
???????????? ?????????????????????????????????????
????? ?? ???????????? ?????????? ??? ????? ??????
faces and on one side. Although the faces of 
?????????????????????????????????????????????????
not match in size. Overall, the features of the 
bracelet suggest that it was made as a bar and 
?????????????????????????????????????????????????
cast in a penannular form. Ta
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??????????????????????????????????????????
?????????? ????? ?? ??????????? ?????????? ??? ??
number of well-known Late Bronze Age hoards, 
??????????????????????????????????????????????
Braes of Gight (Coles 1960: 94–5, pl II.2), 
??????? ??????? ???? ???? ?????????? ???????? ??????
?????? ???? ??? ??????????????? ????????????? ???
Angus (Coles 1960: 98; Schmidt & Burgess 
?????? ???? ?????? ???? ???????????? ??? ??????
(Coles 1960: 120). To these must be added the 
???????????????????????????????????????????????
???????????? ??? ???? ??????????? ?????? ?????????
????????? ???????????????????????????????????
In Fife, bracelets form a major element of the 
large ornament-dominated hoard discovered 
in Priestden Place, St Andrews (Cowie et al 
1991). In southern Scotland, bracelets occur 
?????????????????????????????????????????????
the fragment of a bronze bracelet from the Late 
Bronze Age settlement at Traprain Law, East 
????????????????????????????
The bracelets fall into two main varieties: the 
?????????????????????????????????????????????
?????? ????????? ??????????????????? ????????????????
???????????????????????????????????????????????
(Coles 1960: 39–41). Although the general form 
??? ???? ?????? ????? ????????? ????????? ????????
enough with other Late Bronze Age bracelets 
found in Scotland, it differs in several respects. 
?????? ???????????? ??????????? ???? ??????? ??????
manufacture and unevenness of the terminals 
?????????????????????????????????????????????????
??????????????????????????????????????????????????
section of the Croig Cave specimen stands in 
????????????? ????????? ??? ???? ?????? ????? ??????
D-shaped cross section. Flattening of sides does 
??????? ???????? ??? ????? ??? ???? ?????????? ?????
????????? ??????????????????????? ???????????
????????????????????????????????????????????????
??????????????????????????????????????????????
?????? ????? ????????????????????????? ?????????
????????????????????????????????????????????????
????????????????????? ?????????????????????????
bar into shape. Taken together, these differences 
??????????????????????????????????????????????????
?????????????????????????????????????????????????Ta
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??? ??? ?????????? ??????????????? ???? ????? ????
been twisted out-of-true as a result of use or 
deliberate damage at the time of deposition is 
????????? ????? ??? ???? ?? ???????? ????????? ????
???????????????????????????????????????????????
ends indicates a date within the Ewart Park 
phase of the Late Bronze Age (see below).
AMBER BEAD
The bead was recovered whole (illus 11) but 
?????????? ???????? ???? ????? ?????? ????????????
?????????? ???????????? ??? ?? ??????? ??? ????????
????????????????????????????????????????????
of Scotland, Department of Conservation & 
??????????? ?????????? ??? ???? ????? ????????????
??????? ????????? ????? ????? ?? ???? ????? ??????
missing. The bead is 16.5mm in diameter and 
????????? ???????????????????????? ?????????????
??????????????????????????????????????????????
???? ??????? ????? ????? ?????? ??????????????
?????? ???? ???????? ?????? ????????? ???? ????????
core was in better condition, translucent orange 
???? ??????? ?????? ???? ????????? ???????? ???????
???????? ??????????? ????? ???????? ???? ????? ???
circular in outline with a central perforation 
?????? ???????? ????????? ????????? ??? ???? ????
than the other. No traces of manufacture could 
??? ????????? ??????? ????????? ???????? ??? ????
crazing of the surface, so it remains uncertain 
whether the perforation was bored from just 
????????????????????????????????????????????????
?????????????????????????????????????????????????
wedge-shaped section. 
?????????????????????????????????????????????
of Baltic geological origin, though such Baltic 
?????? ????? ?????? ?????????? ??? ???????? ????????
?????? ????????????????????????????????????????
Croig Cave in the west of Scotland suggests that 
???????????????????????????????????????????????
??????????????????????????????????????
The wedge-shaped cross-section of the bead 
is characteristic of Late Bronze Age amber beads 
throughout Britain (Beck & Shennan 1991: 
?????????? ??? ?????? ?????????????????? ??????
occur in the Scottish hoards of the Ewart Park 
metalworking phase from Adabrock, Lewis, 
Balmashanner, Angus, and St Andrews, Fife. 
Balmashanner is the largest group, 26 beads 
????? ???????????? ?????????????? ?????? ??????
????? ?? ???????? ?????? ??????? ?????? ???????
???? ????? ????????? ?????? ????? ????????????
??????????????????????????????????????????
????????????????????????????????????????? ?????
shaped. The beads from the St Andrews hoard, 
????????? ??? ???????????? ???? ???? ???????????????
shaped (Cowie et al 1991: 53). The beads 
in the Glentanar hoard, Aberdeenshire, are 
???? ???????????? ???? ????????? ????????????
but one appears to have been wedge-shaped 
???????????????????????????????????????????
???????????????????????????????????????????
amber beads found with the bronze bracelets 
mentioned above in the Sculptor’s Cave (NMS 
????????????????????????????????????????????
?????????????????????????????????????????????
wedge-shaped. 
South of the border, the single amber bead 
????? ????????? ????? ?????? ??? ???????? ???
????????????????????????????????????????????
???????????????????????????????????????????????
?????? ???????????????????? ??????????? ????????
??????????????????????????????????????????????
????????????????? ????????????????????????????
??????? ????? ??? ????? ???? ???????????? ???
?????????????????????? ?????????????????????
?????? ?????? ?????? ?????? ??????? ??????? ??????
??????????????????????????????????????????????
15–18). In southern England, wedge-shaped 
?????????????????????????? ?????? ????????????
??? ??????????? ???????? ?????????? ?????????
?????????????????????????????????? ?????????
????????????????????????????????????????????
????????????????? ??????????????????? ?????????
???????????????????????????????????????????
The larger number of amber beads from 
???????? ????????? ?? ?????? ???????? ??? ???????
than found in Britain, but wedge-shaped beads 
occur in the following Late Bronze Age hoards: 
????????????????????????????????????????????
38, 3), Killcreen West, Co Fermanagh (ibid: 86, 
????????????????????????????????????????????????
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???????????????????????????????????????????????
????? ?????? ???? ???? ???? ??????????? ??? ??????
?????????????????????????????
??????????
The Croig bracelet and bead represent a 
?????????? ??? ????????????? ????????? ???? ??
?????????? ???????????????????????????????????
?????????? ????? ?????????? ????????? ???? ???
no means common in northern Britain, while 
?????? ????? ?????? ????????? ???? ????? ??????? ????
?????????? ???????????? ????? ???? ???? ???????? ???
??????? ??? ???????? ????? ???? ????????? ??????
for Ewart Park metalwork, c 1020–800 cal bc 
??????????? ???????? ??? ??? ??????? ????????????
the little group from Croig Cave therefore forms 
???????????????????????????????????????????????
???????????????? ?????? ??????????????????????? ???
???????????? ???? ?????? ??? ?????????????????????
????????????????????????????????????????????????
Bronze Age deposits from caves in Scotland, 
which themselves form part of a wider north-
west European tradition.
??? ????? ?????? ??? ??????? ???????? ????
?????????? ??? ???? ??????????? ?????? ????????
(1931), the distribution of bronze bracelets in 
????????????????????????????????????????????????
bronze bracelets are rare in the west, where 
bracelets of comparable form tend to be of gold 
??????? ?????????????????????? ?????? ???????
????????? ?????? ?????? ?????? ??????? ???????
???? ???????????????????????????????????????????
about the nature of the known archaeological 
record in certain regions of Scotland, where 
???? ????????? ??? ?????????? ??? ???????????? ????
???????????????????????????????????????????????
?????? ?????? ????? ???? ??? ??????? ???? ??? ????
????????? ????? ??? ?????????? ??? ???? ????? ???????
????????? ??? ??????????? ??? ??????????? ?? ????
???????? ??? ????? ???????? ??? ???? ?????????? ???
???????????????????????????????????????????????
moulds for casting rings or bracelets (Parker 
Pearson et al 2004) – indicating that despite 
being unrepresented or under-represented 
??? ???? ?????????? ?????????? ??? ???????????
????? ????????? ??????????? ?????? ????????? ????
???????????????????????????????????????????????
Seen in this light, despite being rather cruder 
manufacture than usual (among the surviving 
?????????? ??? ??????? ???? ?????? ????????? ???? ???
with a wider picture; penannular bracelets, 
culling ideas from Irish and continental sources, 
????? ???????????????????? ??? ????????? ???????
this phase of the Late Bronze Age. Amber, too, 
???????????????????????? ?????????????????????????
penannular bronze bracelets and amber beads 
?????????? ?????? ??? ???????????? ??? ??????? ????
at Glentanar, Aberdeenshire; Balmashanner, 
??????? ??? ????????? ?????? ???????? ?????????
to above) and in the deposits from Sculptors 
Cave, Covesea, itself.
????????? ???? ????? ????? ?????? ????? ???? ??
??????????? ????????? ??? ???? ?????????? ???????
scatter of Late Bronze Age artefacts from 
Mull and the immediate region of mainland 
????????????? ???? ???? ?????? ????????? ????????????
????????? ????? ??? ????? ?????????????????????
???? ?????? ?????????? ??????? ???????????????
however, at least two separate discoveries of 
??????? ??????? ???? ?????? ????? ???? ?????????
of Breachacha on Coll, while a further sword 
??? ????????? ????? ?????? ????????????? ?????
8; Anon 1905), but all remained in private 
?????????????????????????????????????????????? 
?????? ??????? ????????? ?????? ??? ??????????? ???
?????? ???? ?????????? ???? ??????? ????????????
??? ????? ??? ???? ??? ???? ???????? ????? ???????
??????? ?? ????????????? ??????????? ????? ??? ????
????? ?????? ??? ????? ?????? ??? ????? ?????? ????
discovered at Torastan on Coll (Beveridge 
1903). For completeness, it should be noted 
that a gold ornament hoard, once thought to be 
from Torloisk on Mull, has been shown to have 
been found in Southern Ireland and should be 
??????????? ??????? ?????? ???? ???? ????? ???????
2006). 
????????? ???? ????????? ??? ?????????? ???
???????????? ??? ???? ?????? ??????? ????? ???? ?? 
??? ???? ????????? ??? ?????????? ?????? ??? ?????? 
??? ????? ??? ?? ?????? ?????????? ??????? ??? ??? 
???? ??? ????? ??? ??? ???? ?????? ???? ?????????
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Illus 12 208???204Pb – 206???204Pb diagram with measured Pb isotopic composition of the common products and 
???????????????????????????????????????????????????????????????? ?????????????????????????????????????
the materials
sparseness of material in the immediate region 
??? ????????? ??? ???? ??????? ?????????? ??? ?????
??????? ???? ????? ????? ???????????? ??????? 
???? ?????? ??? ???? ??????? ???? ????? ???? ????? 
?????? ???? ????? ??? ???? ?????????????? ???????????
???????????? ? ?????? ?? ???? ?? ???? ????????? ???
????????????????????? ????????????????????????
lost, again hint at contacts with Ireland during 
????????????????????????????????????????
Deposition of Late Bronze artefacts within 
caves can be paralleled, albeit on a larger and 
more spectacular scale, at the well-known sites 
?????????????? ??????? ????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????????
????????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????
BRACELET AND SLAG
Stuart Black
The Pb isotopic data and major trace element 
data pertaining to the bracelet are presented in 
????????????????????????????????????????????????
??????????? ???????? ??????? ?????? ????????? ????
?????????????????????????????????????????????
copper 90–95.6wt%). The corrosion products 
??????????????????????????????????????????????????
concentrations of lead and other elements to 
??????????????????? ?????????????????????????????
alteration of the copper. This is evident in the 
large malachite (CuCO3) deposition in the 
surface and an altered pale green copper surface 
(CuO). Both of these alteration products are due 
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Table 8 
??????????????????????????????????????????????? ?????????????????????????? ?????
Sample Smectite Gypsum Kaolinite Quartz Anorthite Calcite Hematite
?????????????????
CCBS:1 major minor trace minor major major trace
CCBS:2 minor absent minor minor minor major minor
CCBS:3 major trace absent minor major minor minor
?????????????? ??
CCBS:4 major trace trace trace major major minor
CCBS:5 minor trace trace trace minor major trace
CCBS:6 trace trace trace minor minor major trace
??????? ?????? ??????? ?????? ?????? ?????? ?????? ?????
CCBS:8 minor absent minor minor minor major minor
CCBS:9 minor trace minor minor minor major minor
CCBS:10 minor absent minor minor major major minor
???????????????? ??
CCBS:11 minor trace minor minor minor major minor
CCBS:12 minor absent major minor minor major minor
CCBS:13 major trace minor minor minor major minor
CCBS:14 minor absent minor minor minor minor minor
CCBS:15 minor absent minor minor minor major minor
CCBS:16 major trace minor minor minor minor minor
CONTROLS
???????? ?????? ?????? ?????? ?????? ?????? ?????? ?????
CCBS:18 trace absent trace trace minor major minor
to interaction with carbonates and water from 
the midden deposit. 
Illustration 12 shows a 208???204Pb– 
206???204Pb diagram with the measured Pb 
isotopic composition of the corrosion products 
and metal scrapes from the bracelet. The bracelet 
????????????????????????????????????????????????
???? ??????? ????????? ????? ???? ????? ??????????
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has derived from a single source rather than 
????????????????????????????????????????????????
below. There are several Pb and Zn ore deposits 
in the Irish Midlands (Andrew et al 1986), the 
??????????????????????????????? ??????????????
??? ?? ?????????????????????? ?? ???????????????
1999). Mining of these deposits started around 
the 1960s, but there is archaeological evidence 
for an important centre of pre-medieval metal 
???????? ??? ????????? ???????? ???? ????????
??????? ??? ????????????? ????????????? ???????
?????????????????????????????????????????????????
????????????????????? ?????????????????????????
around 4500 bp ????????????????????????????????
high As, Sb and Ag contents were produced 
from the smelting process (O’Brien 2004). 
The bracelet also contains a high concentration 
of arsenic (0.1–0.48wt%) and silver (up to 
??????????? ?????????????????????????????? ????
?????????????????????
The sample of slag shows isotopic and trace 
???????? ????????????? ????? ????????? ?????????
with the copper bracelet. Its Pb isotopic 
composition plots in the middle of the British 
????????????????????????????????????????????????
?????????????????????????????????????????????????
????????? ??????????????????????????????????????????
no relationship in terms of source and material 
process with the bracelet. The presence of 
trace elements not detected within the bracelet, 
?????????????????????????? ????????????????????
??????????????????????????????????????????????????
the bracelet. 
Illustration 12 also shows the potential 
??????? ??? ??????? ??? ???? ????????? ????????????
??? ???????????????????????????????????????????
???????????? ???? ????? ??????? ??? ??? ??? ????????
??????????????????????????????????????????????
???????? ??? ???? ????????? ??? ???????? ??? ??
?????? ?????????????????? ??? ?????? ????? ??????
???? ???????? ???? ?? ???? ???? ?????????? ???????
relationships inside the large triangle on illus 
11. This serves to show that end-member 
???????????????????????????????????????????????
??????????????????????????????????????????????
???????????????????????????????????????????????
??? ???? ???????? ????? ?????????????? ?????????????
????????????????????????????????????????????????
??????????????????????????????????????????????
The slag, however, does plot in the middle part 
of the diagram and has the potential to have 
originated from multiple sources. 
SEDIMENTARY ANALYSIS 
X-RAY DIFFRACTION
???? ????????? ????? ????????? ???? ???? ?? ???
fraction of bulk samples (CCBS:1 to CCBS:16) 
?????????????????????????? ??????????????????
??????????????????????????????? ????????????????
???????????????????????????????????????????????
minerals which were categorised according to 
?????? ????????????? ??? ???? ????? ??????????? ???
each sample as follows: Absent, representing 
??????????????? ????????????????????????????????
Minor, between 5–25%; and Major representing 
?????????????????????????? ??????????
The diffraction patterns contain numerous 
high peaks relating to calcite and to a lesser 
???????? ??????????? ????? ???? ?????? ????????? ???
???????? ????????? ???? ???????? ???????? ??? ????
major mineral component in 13 of the samples, 
????? ???? ?????????? ??? ???????? ???????? ????
CCBS:16, where it represents a minor proportion 
(Table 8). Calcite (CaCO3?? ??? ???? ????????
constituent of the shells of marine organisms. 
??? ?????? ??? ??? ??????? ????? ???? ????? ??????????
presence within the sediments derives from the 
limpet and periwinkle shells that form the main 
structural elements of the midden. 
Peaks due to anorthite constitute a major 
????????????????????????????????????????????
?????????? ??????? ???? ????????? ??????????
(CaAl2Si2O8) is the calcium end-member of 
weathered plagioclase feldspar occurring in 
????? ???????? ????? ????? ??? ???????? ?????????
????????????????????????????????????????????????
of the northern massif, a geological region of 
Mull comprising the Plateau Group of igneous 
rocks. As such, the elevated levels of anorthite 
 
CRO
IG
 CAV
E: A
 LATE B
RO
N
ZE A
G
E O
RN
A
M
EN
T
 D
EPO
SIT
 |
 
??
Table 9
?????????????????????????????????????????? ???????????
Sample Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 LOI Total
?????????????????
??????? ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
??????? ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
CCBS:3 1.58 ????? ????? ?????? ????? ????? ????? ????? ????? ?????? ????? ??????
?????????????? ??
??????? ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
??????? ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
CCBS:6 ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
??????? ????? ????? ????? ?????? ????? ????? ?????? 1.49 0.20 12.05 4.13  88.62
CCBS:8 0.98 3.65 5.59 25.05 1.31 0.24 35.12 1.40 0.23 12.41 4.05  89.14
CCBS:9 1.24 ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
???????? ????? ????? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
???????????????? ??
???????? ????? ????? ? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
CCBS:12 ????? ????? ? ????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ??????
???????? ????? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????? ????? ? ?????
???????? ????? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????? ????? ??????
CCBS:15 1.03 6.35 11.06 50.85 0.26 0.20  9.36 1.83 0.20 18.33 3.44 105.00
???????? ????? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????? ????? ??????
CONTROL SAMPLES
???????? ????? ????? ?????? ?????? ????? ????? ?????? ????? ????? ?????? ????? ? ?????
CCBS:18 ????? ????? ? ????? ? ????? ????? ????? ?????? ????? ????? ? ????? ????? ? ?????
??????????????????????? ?????
?????? ????? ????? ?????? ?????? ????? ????? ????? ????? ????? ? ????? ????? ??????
???? ????? ????? ?????? ?????? ????? ????? ????? ????? ????? ?????? ????? ??????
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??? ?????? ???????? ???? ??????? ??? ??????? ????? ????
build-up of weathered rock minerals deriving 
from the interior basalt walls and ceiling of the 
cave. 
A feasible interpretation is that those samples 
enriched with weathered basalt indicate periods 
??????? ?????????????? ??????????????????????????
a reduction in the rate of midden formation 
?????? ???????? ??? ???????????? ???? ??????????
minerals to accumulate in the absence of 
calcitic inputs from marine shells. Furthermore, 
??????????????????????????????????????????????????
??? ????????? ?????? ??????? ????????? ??????? ???
weathered minerals to form on the surface of 
Table 10
???????????????????????????????????????????????????????????????????? ????????????????????????????????????
??????????????????????????????????????????????????
Reference sample Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3
GRANITES                    
G1 Granite (ZN205) 3.32  0.38 14.04 22.64 0.09 5.48  1.39 0.26 0.03  1.44
?????????????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
??????????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
????????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
??????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
????????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
BASALTS                    
??????????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????
BR (ZN150) 3.08 13.28 10.20 38.20 1.04 1.40 13.80 2.60 0.20 12.88
????????????? ????? ?????? ?????? ?????? ????? ????? ?????? ????? ????? ?????
??????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ? ????
???????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????
???????????? ????? ? ????? ?????? ?????? ????? ????? ? ????? ????? ????? ?????
??????????????? ????? ? ????? ?????? ?????? ????? ????? ????? ????? ????? ?????
???????????????????????????????????????????????
the stratigraphic position of the samples with 
elevated levels of anorthite (illus 4): CCBS:1 
corresponds with the modern surface of the 
midden (top of Phase 3); CCBS:3 and CCBS:4 
were collected from the upper surfaces of 
?????????????????????????????????????????????
the transitional zone between Phase 2 and Phase 
?????????????????????????????????????????????
of CC103a (mid Phase 2), while CCBS:10 was 
taken from the upper surface of CC103b (lower 
Phase 2). 
?????? ???? ??? ?????? ??? ???? ?????????
?????? ????? ???????? ????? ??????????? ????? ???
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montmorillonite, occur in all samples ranging 
from a major component (CCBS:1, CCBS:3, 
CCBS:4, CCBS:13 and CCBS:16) to traces 
(Sample CCBS:6). Montmorillonite has been 
recorded as the initial weathering product of 
plagioclase in basalt in various environments 
???????? ?????? ?????? ??????? ?? ????????????
??????? ????????????? ???? ????????????? ???
???????????????? ??? ???? ???? ????????? ??? ???????
in Morvern, in the north-west of Scotland, has 
???????????????????????????????????????????????
???????????????????????????????????????????????????
basalt diminution to a state where the original 
??????? ??? ??????????? ??????????? ?????????
differentiating the sources of end-members of 
geological weathering is problematic, minor 
and trace peaks due to kaolinite, silica (as 
???????????????????????????????????????????????????
???????????????????????????????????????????????
with Si- and Fe-bearing minerals in relative 
?????????????????????????????????????????????????
?????? ?????? ???? ??? ??????? ?????4???2O) 
occur in CCBS:3 CCBS:6, CCBS:9, CCBS:11, 
CCBS:13 and CCBS:16, while the XRD pattern 
for CCBS:1 indicates its presence as a minor 
?????????????????????????????????????????????
?? ????????? ??? ???????? ????????? ?????????? ??
???? ???? ????????? ??? ???? ????????? ??????? ??? ???
????????????????????????????????????????????????
???????????????????????????????????????????????
?????????? ??????? ??? ??????????? ???? ??????? ????
??????? ??? ??? ?????????? ??? ????? ?????? ????? ????
shore. 
???????? ??????? ????????? ?????????? ?????
???? ????????? ????? ??? ???? ?????? ????????? ????
???????????????????????????????????????????????
????????????????????????????????????????????????
???????? ???? ????? ????????????????????? ???????
CCBS:18, collected from the foreshore, was 
enriched with calcite and anorthite but had 
?????? ??????????? ??? ?????????????? ???????????
coming from within the cave. This indicates that 
???? ??????????????????????????? ?????????? ???
?????????????? ?????????? ???? ????? ??? ???????
?????????????????????????????????????? ????????
result of its dissolution in rain water.
????????????????????????
?????? ?? ????????? ???? ???????? ??? ???? ?????????
?????????? ??? ?????? ????????? ???????????? ???
???????????????????????????????????????????????
LOI measurements, international standard 
values and total elemental composition. Table 
10 provides the range of major element values 
???????????????????????????????????????????????
granite, both found on the Isle of Mull, based 
on XRF data obtained from standard geological 
?????????? ????????? ????? ??? ???? ??????????? ???
Reading.
Major elements
The XRF data demonstrates that the elemental 
???????????? ??????????????? ????????? ?????????
??????????????2????????????????????????????????
values ranging from a minimum of 19.51wt% 
????????? ??? ?? ???????? ??? ?????????
??????????? ???? ??????????????????????????
?????????? ??? ?? ???????? ??? ?????????
?????????? ????????????? ??????? ???? ?????????
?????? ?????????? ??????? c 45–55 wt% SiO2 and 
tend to be enriched with iron (Fe), magnesium 
(Mg) and calcium (Ca), with low values of 
potassium (K) and sodium (Na); granites tend 
??? ???????? ????????????? ??????? ???????????? ???
SiO2 ????????????????????????????????????????
Fe, Mg and Ca (Table 10). The SiO2 content of 
???? ????? ???????????????????????? ????????????
???????????????????????????????????????????????????
in CCBS:3 and CCBS:12 to CCBS:16 with 
values ranging from 44.91–53.21wt%. Table 
9 shows that the proportions of SiO2 and CaO 
???????????? ???????????? ??? ??????? ?????? ???????
to usage patterns of the cave. Levels containing 
lower values of SiO2? ????????? ?????? ????????
an increase in CaO that corresponds with the 
changing proportions of marine shell in the 
midden deposits (see below). In these levels, 
???? ??? ??????? ??? ??????? ?????????????? ?????
calcium-containing inorganic materials, such as 
the marine shells, although some indeterminate 
proportion will also be derived from the bedrock 
?????????
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Table 11
?????????????????????????????????????????? ???????????
Bulk sample V Cr Co Ni Cu Zn Pb Rb Sr Y Zr
?????????????????
??????? ?????? ????? ????? ????? ?????? ??????? ?????? ????? ? ?????? ????? ?????
??????? ?????? ????? ????? ????? ?????? ?????? ? ????? ????? ? ?????? ????? ?????
??????? ?????? ????? ????? ????? ? ????? ??????? ? ????? ????? ? ?????? ????? ?????
?????????????? ??
??????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ????? ? ?????? ????? ?????
??????? ?????? ????? ????? ????? ?????? ??????? ? ????? ? ?? ??????? ????? ? ????
??????? ?????? ????? ????? ????? ?????? ?????? ? ????? ? ?? ??????? ????? ? ????
??????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ? ?? ??????? ????? ?????
??????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ? ?? ??????? ????? ? ????
??????? ?????? ????? ????? ????? ?????? ?????? ? ????? ???? ??????? ????? ? ????
???????? ?????? ????? ????? ????? ?????? ?????? ? ????? ???? ? ?????? ????? ?????
???????????????? ??
???????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ???? ? ?????? ????? ?????
???????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ? ?? ? ?????? ????? ?????
CCBS:13 206.5 28.5 66.0 43.0  48.0  98.5  23.0  *  264.5 26.5 118.5
CCBS:14 218.0 32.5 69.5 50.5  65.5 100.0  28.5  *  245.0 30.0 140.0
???????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ? ?? ? ?????? ????? ?????
???????? ?????? ????? ????? ????? ? ????? ?????? ? ????? ? ?? ? ?????? ????? ?????
CONTROL SAMPLES
???????? ?????? ????? ????? ????? ? ????? ? ????? ? ???? ? ?? ? ?????? ????? ?????
???????? ? ????? ? ???? ? ???? ????? ? ????? ? ????? ????? ????? ??????? ? ???? ? ?
INTERNATIONAL STANDARD
?????? ? ????? ? ?? ????? ????? ? ????? ? ????? ????? ?????? ? ?????? ????? ?????
???? ?????? ????? ????? ????? ? ????? ?????? ????? ? ????? ? ?????? ????? ?????
* Below detectable limits
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??????????? ????? ???????????? ??? ????? ??????
(Fe2O3), ranging from 11.58–19.28wt%, 
correspond well with the values for Fe2O3 in 
the basalt reference material, with the highest 
?????????????????????????????????????????????
??? ??????? ???? ???????? ??? ????????? ?????
?????????? ??????????? ???? ?????? ???????????????
??????????????????????????????????????????????
????? ??????????? ???? ?????????? ????? ???????
??? ?????????? ?????? ??????? ???????? ????? ??
?????????????????????????????????????????
????????? ????? ????? ??????? ???? ?????? ?????????
??? ???? ????????? ?????????? ??????????? ???????????
???????? ???????????? ????? ???? ?????? ???????
???????????????????????????????????????????????
Maitre et al 2002). Furthermore, enrichment 
with respect to Fe2O3, ???? ??? ?? ??????? ???????
???? ???? ?????????? ?????? ??????? ???
CCBS:3 is of particular interest, indicating 
that this level represents a geochemical 
?????????? ??? ???? ??????? ????????????? ????????
relating to chemical weathering and the 
formation of a zone of iron pan above the main 
??????????????????????????????????????? ??????
to CCBS:11).
???????????? ??? ?????????? ?????? ???2O3) 
???? ????????? ???????? ????2) tend to be at 
their lowest in the levels enriched with CaO 
(CCBS:5 to CCBS:11). This indicates that 
differences occur in the proportions of weathered 
??????????????????? ??? ?????????????????????????
????????????? ?3O2, TiO2 and Al2O3 to accumulate 
in more weathered basalt samples has been 
????????? ??????????? ??? ???????? ????????? ?? 
Bain et al (1980). This provides additional 
supporting evidence to suggest that the period 
??? ????? ???????? ????????? ??????? ?????? ?????
is represented in those levels from where 
CCBS:4 to CCBS:11 were collected as these 
???????? ???? ??????? ??????????? ??? ???? ??????? 
of weathered basalt. Furthermore, the 
composition and proportions of elemental 
??????? ??? ???????? ??????????????? ???? ????????
to those of CCBS:1 to CCBS:3 and CCBS:12 
to CCBS:16, providing evidence for the 
accumulation of autochthonous sediments 
with the main allochthonous formation due to 
marine shell inputs occurring between CCBS:4 
to CCBS:11, these being enriched in CaO. 
Control sample CCBS:18 further substantiates 
????? ??? ???? ???????????? ??? ?????????? ??? ????
???????? ??? ?????? ????????? ?????? ??????? ???????
??????????
Trace elements
Trace element composition values for a standard 
?????? ??? ????????? ??? ???? ???????????????? ????
provided in Table 11. This shows that all of the 
samples are enriched with strontium (Sr) with 
?????????????????????? ??????????????????????
CCBS:16 to 1439.0 ppm in CCBS:6. The lowest 
values are found in CCBS:12 to CCBS:16, with 
numbers rising as shell content increases with 
values remaining high (> 500ppm) in the upper 
levels. Sr is an abundant dissolved constituent 
?????????????????????????????????????????? ??????
??? ??????? ??? ??????? ????? ???? ??????? ??????????
therein as it can precipitate in marine carbonates 
?????????????????????????????????????????????????
lifespan of the mollusc (McArthur et al 2001). 
??????????????????????????????????????????????????
levels of Sr (> 2560ppm) were detected in 
control sample CCBS:18 this being taken from 
?????????????????????????????????????????????????
of marine shells.
?????????????? ??????????? ???? ????????????
high levels of zinc (Zn) in CCBS:1 at 
?????????? ???? ??? ?? ??????? ???????? ???? ???????
????? ??? ??????? ??? ??????? ??? ???????? ???
?????????????????????????????????????????????????
??????? ?????????????? ????? ??????? ??????? ????
must represent a derivative of allochthonous 
material. This raises the prospect that sea-
????? ???? ????? ????? ????????????? ????????? 
in the midden as marine vegetation contains 
????? ??????? ??? ??? ??????? ??????? ??????? ???
phosphate (P2O5) are also elevated above the 
average for basalt in these levels (Table 10), 
which could indicate inputs of burnt seaweed 
???????? ?????? ????? ??????? ???? ????????????
??? ?????? ???????? ??????? ??? ?????????????? ???
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Table 12
???????????????????????????????????????????????????? ??????????????????
 Bulk ????? ??????? ????? ???? ???? ???? ???? ??????? ??????
     sample ?????? ?????? ?????? ?????? ?????? ?????? ?????? ?????
?????????????????
??????? ? ???? ?????? ?????? ? ?????? ?????? ?????? ?????? ? ????? ??????
??????? ? ???? ?????? ?????? ? ?????? ?????? ?????? ?????? ? ????? ??????
??????? ?????? ?????? ?????? ??????? ?????? ?????? ?????? ?????? ??????
?????????????? ??
??????? ? ???? ?????? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
??????? ? ???? ?????? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
??????? ? ???? ? ???? ? ? ???? ? ? ????? ? ? ????? ?????? ? ????? ? ???? ? ?????
??????? ? ???? ?????? ? ????? ? ?????? ? ?????? ?????? ?????? ? ????? ? ?????
??????? ? ???? ?????? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
??????? ? ???? ? ? ???? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
???????? ? ???? ?????? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
???????????????? ??
???????? ? ???? ????? ?????? ? ?????? ? ?????? ?????? ?????? ? ????? ??????
???????? ? ???? ???? ? ????? ? ?????? ? ?????? ?????? ?????? ?????? ??????
???????? ? ???? ???? ?????? ? ?????? ? ?????? ?????? ?????? ?????? ??????
???????? ? ???? ?????? ?????? ??????? ??????? ?????? ?????? ?????? ??????
???????? ? ???? ???? ?????? ? ?????? ??????? ?????? ?????? ?????? ??????
???????? ?????? ?????? ?????? ? ?????? ? ?????? ?????? ?????? ?????? ??????
???????????????? ????? ????????? ???????????????
???? ??????????? ??? ????????? ????? ??????? ??? ????
??????????????????????????????
???????? ???? ????? ????? ???????? ????? ????
cave for consumption, as an incidental product 
of coastal foraging or relating to a process 
linked to kelping industries. Burning seaweed 
was once the main method of obtaining impure 
forms of sodium carbonate (Na2CO3), also 
known as ‘soda ash’ (Morand et al 1991). 
The suggestion that zinc-rich biological 
????????? ???? ????????????? ?????????? ??? ????
??????? ??? ?????????? ??? ???? ???????? ??? ????
????? ??????????? ??? ???????? ??????? ?????????
this having similar values to those detected in 
CCBS:13 to CCBS:15. 
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Table 13
???????????????????????????????????????? ????????????????????????????
Bulk sample Sample type Degree of sorting   Texture
?????????????????
??????? ????????? ?????????????? ?????????????
??????? ????????? ?????????????? ??????????????????
??????? ???????? ?????????????? ?????????????
?????????????? ??
??????? ???????? ?????????????? ?????????????
??????? ???????? ?????????????? ???????????????
??????? ????????? ?????????????? ?????????????????????
??????? ????????? ?????????????? ???????????????
??????? ???????? ?????????????? ???????????????
??????? ???????? ?????????????? ???????????????
???????? ???????? ?????????????? ?????????????
???????????????? ??
???????? ???????? ?????????????? ???????????????
???????? ????????? ?????????????? ?????????????????????
???????? ???????? ?????????????? ????????????????
???????? ????????? ?????????????? ?????????????
???????? ???????? ?????????????? ????????????????
???????? ????????? ??????????????????? ??????????????????
?????????????????????????????????
?????? ????????? ????????? ???? ??? ??????? ????
the Croig Cave bulk samples (Table 12), with 
????????????? ??? ?????? ??? ????????? ???????? ????
????????? ????????? ????????? ???????? ???????????
of bulk material from each sample measured 
??? ?????? ????????? ????? ?????????? ???? ????? ???
?????????????????? ????????????????????????????
??????????? ????? ????????? ??????? ???? ???????
??????????????
PSD determinations indicated that the 
????????? ??????? ??????????? ???? ??????? ???
?????????? ??? ??????? ??? ????? ??????? ???????
????????? ???????? ????? ????? ???? ??? ??????? 
with CCBS:6, CCBS:12 to CCBS:13 and 
???????? ??????????? ?? ???? ??? ???????? ?????
94 | ??????????? ????????????????????????????
sand-sized particles. Most samples were multi-
????????????????????????????????????????????
CCBS:12 and CCBS:14 falling within the 
???????????????
LOSS ON IGNITION (LOI) 
Table 9 incorporates LOI measurements 
providing weight percent proportions of 
organic material lost through ignition, illus 
13. LOI values range from a minimum of 
?????? ??? ???????? ??? ?? ???????? ??? ??????
in CCBS:9. Overall, the standard deviation of 
LOI values is low at 0.3, based on an average 
??? ?????? ????? ?????????? ????? ???? ????? ???????
????? ????????????????? ??? ?????????? ??????? ????
highest values tend to occur in the levels above 
CCBS:14, corresponding with the levels where 
molluscs and charcoal were most abundant. 
Both control samples produced LOI values 
within the range obtained from the midden 
samples, lending support to the suggestion that 
??????????????????????????????????????????????????
and beach sediments.
???????????????????????
????? ???????? ????????? ??????????????? ????????
are provided in Table 14 and illus 13. The 
????????? ??????????????? ??????? ??? ?????? ???
?????????? ???? ????????? ?????????? ?????????
from the control samples are similar to those 
??????????????????????????????????????????????
????????????? ???????????? ??????????????????????
???????????????????????????????????????????????
????????????????????? ????
????????? ??????????????? ??? ???????? ???
??????? ?????? ???????? ???????? ?????????????
enhancements with respect to the ‘background’ 
values obtained from the controls, with 
???? ?????????? ??? ???????? ????? ????????? ??
minimum value of 12.34 SI. Illus 13 shows 
????????? ??????????????? ??????? ???????????
in successive levels above CCBS:12, 
with the greatest enhancement indicated in 
??????? ??? ???????? ??????? ???? ???????
?????????????????????????????????????????????
???????????????????????????????????????????????
???? ??? ????????? ??? ???????? ??? ??? ???????????
Table 14
??????????????????????????? ???????????????
 Bulk sample ?????????????
  Magnetic Susceptibility (SI)
?????????????????
? ??????? ?????
? ??????? ?????
? ??????? ?????
?????????????? ??
? ??????? ?????
? ??????? ?????
 CCBS:6 40.09
? ??????? ?????
 CCBS:8 41.56
 CCBS:9 64.28
 CCBS:10 43.20
???????????????? ??
 CCBS:11 40.04
? ???????? ?????
 CCBS:13 12.34
 CCBS:14 22.04
? ???????? ?????
 CCBS:16 14.66
CONTROL SAMPLES
? ???????? ?????
 CCBS:18 14.23
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Illus???? ??????????????????????????????????????????? ???????????? ?????????????????????????? ???????????????????????????
??????? ???????????????????????????????????????
????? ????????? ?????????????? ???????????? ??????
????????????? ??????????? ?? ????? ??????? ???
?????? ??? ???? ??????????? ??? ????????? ???? ????? ?? 
???? ??????? ?????? ????????? ??? ??? ??????? ?????
????? ????????? ???????????? ??? ????? ???????
has occurred. This indicates that these levels 
???????? ??????????? ??????????? ??? ?????? ??? ?????
sediments.
MIDDEN ANALYSIS
??????????
Claire Ingrem
???? ????????? ???? ??????????? ????????? ???
???????????????????????????????????????????????
??????????? ???? ????? ??? ????? ??????????? ????
retrieved using 2mm and 1mm mesh sieves. 
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Table 15
??????????????????????????????????????????????????????????
 Bulk sample Description Condition, % Fragmentation,  Surface Fish estimated
???????????????? ? ??????????????? ????????????????? ???????????? ? ??????
? ???????????? ? ??????????? ??????????? ??????????????
     sediment)    assemblage   
?????????????????
??????? ????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ????????
???????????? ???????????????????????????????????????????????????????????????? ?????????? ???????????? ????????? ?????????
? ????????????????????????????????????????????????????????????? ??????? ? ??????????? ? ??????????
? ????????????????????????????????????????????????????????????? ? ??????????? ? ???????????????
 (Anguilla anguilla) and bullrout (Myoxocephalus scorpius??????? ? ?? ??????
? ???? ???????????????????????????????? ?????????????????
? ?????????????????????????????????????? ????????????????????????
 the material although some cranial bones are again present, 
? ?????????????????????????????????????????Merlangius merlangus) 
 and bullrout. 
 
??????? ???????????????????????????????????????????????????????????????? ????????? ???????? ??????????? ? ????????
??????????? ????????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
? ???????????????????????????????????????????????(Pholis  ??????? ??????????? ? ?????????
 gunnellus) the most numerous. Wrasse (Labridae??????????????? ? ?????????? ? ??????????????
? ???????????????????????????????????????????????????? ? ?? ??????
? ???????????????
 
??????? ????????????????????????????? ???????????????????????????????? ???????? ???????? ??????????? ????????
???????????? ?????????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
 bones belong to sand eel (?????????????????????????????? ??????? ??????????? ? ?????????
? ???????????????????????????????????????????????????????? ? ??????????? ? ??????????????
? ??????????????????????????????????????????????????????? ? ?? ?????
? ???????????????????????????????????????????????????????????
? ????????????????? ?????????????????????????????????????????????
 respect of wrasse. 
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 Bulk sample Description Condition, % Fragmentation,  Surface Fish estimated
???????????????? ? ??????????????? ????????????????? ???????????? ? ??????
? ???????????? ? ??????????? ??????????? ??????????????
     sediment)    assemblage   
?????????????? ??
??????? ????????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ? ????????
???????????? ?????????????????????????????????????????????Scorpaenidae??? ????????? ???????????? ????????? ? ?????????
? ?????????????????????????????????????????????????????????????? ??????? ? ??????????? ? ??????????
? ???????????????????????????????????????????????????????????????? ? ??????????? ? ???????????????
? ????????????????????? ?????????????????????????????????????? ? ?? ??????
 (Table 16). As in previous samples, the assemblage is 
? ???????????????????????????????????????????????????????
? ??????????????????????????????????????????????????
??????? ???????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ????????
??????????? ????????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
? ????????????????????????????????????????? ??????? ??????????? ? ?????????
? ? ? ??????????? ? ??????????????
? ? ? ?? ??????
??????? ??????????????????????????????????????????????????????????? ???????? ???????? ??????????? ????????
??????????? ????????????????????????????? ??????????????????????????????? ????????? ???????????? ????????? ?????????
? ? ??????? ??????????? ? ?????????
? ? ? ??????????? ? ?????????????
? ? ? ?? ?????
??????? ??????????????????????????????????????????????????????????? ????????? ???????? ??????????? ????????
??????????? ?????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
? ??????????????????????????????????????????????? ??????? ??????????? ? ????????
? ? ? ??????????? ? ?????????????
? ? ? ?? ??????
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 Bulk sample Description Condition, % Fragmentation,  Surface Fish estimated
???????????????? ? ??????????????? ????????????????? ???????????? ? ??????
? ???????????? ? ??????????? ??????????? ??????????????
     sediment)    assemblage 
??????? ??????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ????????
? ????????????????????????????????????????????????????????????? ????????? ???????????? ?????????? ?????????
? ????????????????????? ??????? ??????????? ? ?????????
? ? ? ?????????? ? ??????????????
? ? ? ?? ??????
??????? ??????????????????????????????????????????????????? ????? ???????? ???????? ??????????? ????????
??????????? ?????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
? ?????????????????????????????????????????????????????? ??????? ??????????? ? ?????????
? ? ? ??????????? ? ??????????????
? ? ? ?? ???????
???????? ??????????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ? ????????
??????????? ?????????????????????????????????????????????????????????????? ????????? ???????????? ????????? ??????????
? ????????????????????????????????????????????????????????????????? ??????? ??????????? ? ?????????
? ???????????????????????????????????????????????????????????????? ? ??????????? ? ???????????????
? ??????????????????????????????????????????????????????????? ? ?? ??????
? ???????????????????????????????????????????????????????????????
? ???????????????????????????????????????????????????? ??????????
? ???????????????????????????????????????????????????????????? 
???????????????? ??
???????? ????????????????????????????????? ??????????????????????????? ???????? ???????? ? ??????????? ????????
? ????????????????????????????????????????????????????? ????????? ????????? ???????????? ????????? ?????????
? ??????????????????????????????????????????????????????????????? ??????? ? ??????????? ? ?????????
? ?????????????????????)??????????????????????????????????????? ? ??????????? ? ???????????????
? ???????????????????????????Crenilabrus melops) are ?????? ? ?? ??????
? ??????????????????????????????????????????????????????????????
? ????????????????????????????????????????????????????????????
? ???????????????????????????????????????????????????????????
? ??????????????????????????????????????????????????????
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 Bulk sample Description Condition, % Fragmentation,  Surface Fish estimated
???????????????? ? ??????????????? ????????????????? ???????????? ? ??????
? ???????????? ? ??????????? ??????????? ??????????????
     sediment)    assemblage 
CCBS:12 The few specimens within this sample belong to a range of  Good 96 100%: 0 Crushed: 1 Large: 0
??????????? ?????????????????????????????????????? ??????????????????????? ????????? ???????????? ????????? ?????????
? ????????????????????????????????????????????????????????????? ??????? ??????????? ? ?????????
? ??????????????????? ? ??????????? ? ??????????????
? ? ? ?? ??????
 
CCBS:13 ?????????????????????????????????????????????????????????????? ???????? ???????? ??????????? ? ????????
??????????? ?????????????????????????????????? ?????????????????????? ????????? ???????????? ????????? ?????????
? ???????????????????????????????????????????????????????????? ??????? ??????????? ? ?????????
? ????????????? ? ??????????? ? ??????????????
? ? ? ?? ??????
 
???????? ??????????????????????????????????????????????????????????? ???????? ???????? ??????????? ? ????????
??????????? ????????????????????????????????????????????????????????? ????????? ???????????? ????????? ?????????
? ???????????????????????????????????????????????????????? ??????? ??????????? ? ?????????
? ???????????????????????????????????????????????????????? ? ??????????? ? ??????????????
? ????????????????????????????????????????????????????????? ? ?? ??????
 scorpion are also present. 
 
???????? ?????????????????????????????????????????????????????? ???????? ???????? ??????????? ? ????????
??????????? ?????????????????????????????????? ?????????????????????? ????????? ???????????? ????????? ? ?????????
? ????????????????????????????????????Merluccius merluccius),  ??????? ??????????? ? ?????????
 dragonet (Callionymus lyra), bullrout, sea scorpion ????? ? ??????????? ? ??????????????
 stickleback (Gasterosteidae) are present. Wrasse bones, 
 including corkwing (Crenilabrus melops???????????????????????
? ???? ????????????????????????????????????????????????????????
 cranial bones belonging to whiting, rockling, corkwing, and 
 sea scorpion are also present.  
100 | ??????????? ????????????????????????????
???? ????????????????????????????????????????????
????? ???????????? ???????????????????????????
evidence of burning and gnawing (in the form 
of crushing) are scarce. Almost all of the bones 
??????? ??? ?????? ??? ????? ?????? ????? ?????? ???
summarises the bone assemblage from each of 
the 16 samples, while Table 16 lists the species 
??????????????????????????????
????????????????????????????????????????????
?????????????????Anguilla anguilla), ????????? 
(Pholis gunnellus) and sea scorpion (Taurulus 
bubalis) comprise more than 5% of the 
???????????????????????????? ??????? ????????? 
and wrasse (Labridae) also constitute more than 
5% of the assemblage with most of the remains 
????????? ??? ???? ??????? ????????? ???????? ?????
corkwing (Crenilabrus melops). 
???? ???????? ????????? ??? ???? ?????? ?????
from the Saple CCBS:1, although CCBS:3 
???? ??????? ????? ????????? ??????????? ??????
assemblages (illus 14a). Other large samples, 
including CCBS:10, CCBS:11 and CCBS:14, 
came from the middle and lower half of the 
midden. The most striking characteristic of 
the assemblage is the abundance of bones 
?????????? ??? ?????? ???? ????? ?????? ??????????
??????????????????????????????????????????????
??? ????????? ??? ???? ??????????? ??? ????????????????
??? ???? ???? ??????????? ????? ????? ??? ???? ???
bulk samples. The number of species within 
each bulk sample correlates with the number of 
??????? ???????????????????????????? ???????? ???
between 1,500–2,000 bones (illus 15a).
???????? ?????????? ????? ???? ?????????????????
??????????????????????????????????????????????
sea shore. Eels are common in rivers, estuaries 
and the European seaboard; according to 
????????????????????????????????????????????????
?????????? ???? ?????????? ??????? ????? ???????????
??? ?????? ???? ?????? ????????? ???? ???? ?????
??????? ?????? ????????? ?????? ?????? ????????
???? ?????????????????????????????????????????
????????????????????????????????????????????????
area between the mid to low tide levels and are 
found under rocks and in crevices. Sea scorpion 
???? ??????? ??? ???? ?????? ????????????? ??????
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Illus???? ??????????????????????????????????????????????????????????? ??????????????????????????????????????
wood charcoal, for each bulk sample
102 | ??????????? ????????????????????????????
Illus???? ???????????????????????????????????????????????????????????????????????????????????????
mollusc shell, and (c) wood charcoal
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??? ?? ????????? ??? ????????? ??????? ???? ????????
??????????????????????????????????????????????
bottoms and in estuaries. Wrasses too, are found 
??? ??????????????? ????????????? ???????????????
??? ?????? ??? ??? ??? ????????? ????????? ??? ??????
????????????????????????????
????????? ??????? ???? ???? ????? ?????????
?????? ?????? ????????? ????????????? ???????? ?????
as whiting (Merlangius merlangus) and bib 
(Trisopterus luscus) which inhabit shallow 
?????? ???????? ???? ?????????? ?????? ?????????
(Gaidropsarus mediterraneus), as the name 
?????????? ???????? ???? ?????? ?????? ????? ?????
in rock pools and under algae. Five-bearded 
rockling (Ciliata mustela) is abundant between 
????? ????? ????????????????????????????????? ?????
???????????????????????????????????????????????
?????????? ?????????????????????????????????????
?????? ??? ???????? ???? ???????? ????? ??????????
???????????????? ?Syngnathinae)  and dragonet 
(Callionymidae??? ???? ????????? ?????? ??? ?????
??????? ?????? ??????? ???? ?????????? ??????? ???
???????? ????????????????????????????????????????
?????????????????????
???? ?????? ????? ??? ???? ???? ???? ???? ??????
??? ????? ???????? ?????????? ?????????? ????? ????
assemblage might not have an anthropogenic 
origin. Otters (Lutra lutra) ????????? ????
??????????????????????????????????? ?????
??? ??????????? ???? ????????? ???? ????? ???? ??????
???????????????????????????????????????????????
????? ?????? ????????? ???? ?????????? ?????? ???
archaeological sites (Ceron-Carrasco 1998; 
???????????????????????????????????????????????
?????????????? ????? ?????????? ?????????????
holts, although it can occur outside entrances 
??? ????? ???????? ????? ???????? ???? ??????
defecate outside (Chanin 1988). In the present 
?????????????????????????????????????????????????
Croig Cave and so it would not be surprising 
??? ????? ?????????? ???????????????? ??????????? ???
?????????? ??????????????????? ??????????????
is little evidence for chewing and digestion, 
which are major characteristics of otter 
accumulated assemblages (Céron-Carrasco 
??????????????????????????????????????????????
provide evidence for burrowing. In addition, 
???? ???? ?????? ????? ??????????? ???????????
????? ????????? ??? ????????????? ??????????????
origin and, as sprainting is used for social 
??????????????? ??????? ???? ????????? ??? ?????
used a shell midden while it was also in use 
??? ??????? ????? ????? ????? ?????? ?????? ????
spraints would soon become covered with shell. 
??????????????????????????????????????????
in small numbers in assemblages consisting 
???????????????????????????????????????????????
???????????????????????????????????????????????????
?????????????? ?????????????????????????????????
?????????????????????????????????????????????
Cave which suggests that, unless other food 
?????????? ????????? ??? ???????????? ????? ????? ???
?????????????????????????????????????????????????
mammal bones in the midden suggests that it was 
???????????? ???? ??????????????????? ???????????
with processing resources collected on the sea 
??????? ???????????????????????????????????????????
were gutted at Croig Cave and then transported 
?????????? ??? ??? ??????? ???? ??????? ?????????
????????? ???? ????????? ??????? ?????????? ????
???????? ??? ???????????? ???????? ??? ?????????? ???
?????????????????????????????????????????????????
?????????????????????????????????????????????????
and Iron Age phases of the midden. 
???????????????????????????????? ???? ?????
???????????????????? ???????????????????????????
16), travellers accounts from Africa suggest that 
?????????? ??????????? ???? ???????????? ???? ????
size of minnows sun-dried whole and, although 
????????????????????????????????????????????????
??????? ???? ?????? ??? ????? ??????? ?????? ????
????? ?????????????????? ?????????????????????
garum (Bateman & Locker 1982). In the present 
?????????????????????????????????????????????????
????????? ?????? ???? ??????????? ?? ?????????
????????? ???? ?????? ?????????? ????????? ????
???????????????????????????????????????
Watt (1995) has shown that a similar range 
?????????????????????????????????????? ?????????
unbaited traps set near the lower edge of the 
????????????????????????????????????????????????????
case in the past. Indeed, it would be surprising 
104 | ??????????? ????????????????????????????
?????????????????????????????????????????????????
??????????????????????????????????????????????
???? ???????????? ???????? ???????? ???????????
?????? ????? ????? ?????????? ???? ?????? ????????
up in nets, baskets or hands after having 
been trapped in shallow pools. Ethnographic 
sources concerning later populations living 
in the Northern Isles of Scotland, suggest 
????? ???? ?????????????? ??????????????????? ??????
?????????? ???? ???????? ???? ??? ???? ??????????
scale in order to minimise the time taken in 
?????????? ???? ?????????? ????? ????? ?????????
???????????? ?????????? ?????? ??????? ???????
?????????????? ??? ??? ????????? ????? ????? ????? ???
???????????????????????????????????????????????
?????????? ???? ???? ??????? ???? ???? ????????? ?????
were encountered would have been collected. 
?????????????????????????????????????????????
bearded rockling and bull rout, from shore pools 
???? ????????????? ?????????????? ??????? ?????
??? ??????? ?????????? ??? ???? ???????????? ????????
??????? ??? ??? ????????????? ?????? ??? ???????
???? ?????????? ??????? ??????? ????? ?????????
that shore resources ‘often formed part of the 
food of the poor’. Little risk would have been 
??????????????????????????????????????????????????
????? ????? ???????? ?? ???? ????????? ???????? ????
?????????????????????????????????????????????
???????????????????????????
The predominance of vertebrae is not 
???????????? ?????? ?????? ?????????? ??? ????
skeleton compared with other elements, their 
relative robustness and relative ease in which 
????? ???? ??? ???????????????????? ???? ?????????
?????????????????????????????????????????????????
???????? ?????? ?????????? ??? ????? ??? ???? ?????
????????????? ??????????? ????? ?????????? ??? ?????
????????????????????????????????????????????????
?????????????????????????????????????? ?????????
????????????? ???????????? ???? ???????? ??? ??? ???????
?????? ??? ????????? ????? ????? ??????????????? ????
????? ????????? ??????? ??? ????? ???????? ??? ??????
??? ???? ??????????? ????? ?????????? ??? ???? ??????
compared to thinner, more fragile skull bones. 
??? ??? ???????? ??????????? ??? ???? ??? ?????
small bones given the current practice of eating 
????????????????????????????????????? ?????????
???? ?????????????? ?????? ??? ??????? ???? ?????
??? ????????????? ???????? ????? ????? ??? ???? ????
recovered from Croig Cave. Comparison with 
reference material suggests that the smallest 
?????? ???? ????? ??? ?????? ??????? ??? ???? ??????
times, the ????? ??? ??????? ???? ?????????? ????
????????????? ?????? ??????????????? ????? ?????
????????????? ???? ??????????? ????? ?????? ????
??????????????????????????????????????????????
?????? ??? ???????????? ??? ????? ?????????? ??? ????
presence of bull rout whose head spines can 
cause septic wounds, and hook-nose which is 
???????? ???????????????????? ????? ?????????????
sharp spines. 
Discussion
Bronze Age sites which have produced 
???????????? ??? ???? ????? ???? ??????? ??? ????
?????????? ????????? ???? ????? ????????????? ???
the inshore zone is a feature of prehistoric 
assemblages from both the Western and 
Northern Isles of Scotland, most of which 
???? ?????????? ??? ?????? ??????? ???? ????????
1983; Cerón-Carrasco 1999; Ingrem 2000). 
????????? ???? ????????????? ??? ???? ??????????
environment during the Mesolithic period 
??????????????????????????????????????????????
???????? ???????????? ????????? ?????? ????? ???
the coast of Coll (Steven Mithen pers comm). 
The small assemblage that was recovered from 
???????? ???? ???? ?????????? ????????? ?????? 
??? ?????? ?????????? ??? ??????? ???????? ????? 
most of which occur in the Croig samples. 
?? ??????????? ????? ??? ???????? ?????????
??? ??????????? ?????????? ??? ?????? ???????
(Pollachius virens), believed to have been 
??????? ??? ???????? ?????????? ?????? ??? ???? ?????
????????? ???????????? ??????? ???? ????? ??????
???????????????????????????????????????????
from the Western Isles was recovered from 
?????? ??????????????? ??????????????????????????
?????????? ??? ????????? ??????? ????????
forthcoming a). Beaker deposits at Rosinish 
??? ?????????? ????????? ????? ???? ????????????
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Table 16
?????????????????????
 Phase 3: Historic Phase 2: Iron Age Phase 1: Bronze Age Total
Bulk sample, CCBS: 1 2 3 4 5 6 ?? ?? ?? ??? ??? ??? ??? ??? ??? ??
Clupea harengus       1                         1
Clupeidae spp                          1      1
Coregonidae spp             1                   1
Salmonidae spp 4   2 6       1   5 2 1 1 3 1   26
Anguilla anguilla 26 2 9 19 2 1   ?? ?? ??? ?? ?? ?? ?? ?? ?? ???
cf anguilla anguilla                           1     1
Conger conger 2 1   4 2     1 3 3 3 2 2 4 1 1 29
Syngnathus acus   1 2 1 2     1 1 2 13 1 1 2 3 2 32
cf syngnathidae spp     1                           1
Gadidae spp ???   ?? ??? ?? ?? ?? ?? ?? ?? ??? ?? ?? ?   3 123
cf gadidae spp 2     2       3   2 1   1 4     15
Micromesistius poutassou     1                           1
Merlangius merlangus 49 4 2 1   1   1     13    ? ?? ?? ?? ??
cf merlangius merlangus 4                   1           5
Trisopterus spp 3   2 1           2   1         8
cf trisopterus spp   1                             2
Trisopterus luscus   1         1                   2
Trisopterus minutus       3                         3
Pollachius pollachius 1     2             1           4
Pollachius virens 5   4 3 3           4   1 4     24
Gadus morhua 2 1   2 2   3 2     3           15
Phycis blennoides     3 6         2       2   1 1 15
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 Phase 3: Historic Phase 2: Iron Age Phase 1: Bronze Age Total
Merluccius merluccius   1   ?? ?? ??       9   1 1 1 5   34
Volva molva           1                     1
Gaidropsarus mediterraneus     3 18         2               23
Gaidropsarus vulgaris                       1     1   2
Rhinonemus cimbrius 1              ? ?? ?? ?? ??   1     23
Ciliata mustela 8   5 10   1 1 1   3 1   10 11 4 3 58
Gaidropsarus/Rhinonemus/
Ciliata spp 6   3 10       1 3 2 5 3 3 3 2 2 43
Dicentrarchus labrax 6     4                         10
cf dicentrachus labrax       1                         1
Trachurus trachurus 1   3       1     2             8
Spondyliosoma cantharus ??                              ? ?
Labridae spp ??? ?? ??? ??? ?? ??   4 3 15 13 5 9 13 9 2 125
cf labridae spp     2       1 2 2 3         2   12
Crenilabrus melops 1   1 8 3 4     2 2 3 2 1 2 3   34
Labrus bergylta 4   1   1       2   1   2       13
Ammodytes spp 1   ??     1               3     13
cf gobidae spp                         1   1   2
cf callionymidae spp 1                   1           2
Callionymus lyra 4     8 3     1 1   1 2 2 3 2   ??
Pholis gunnellus ??? ?? ??? ??? ??? ?? ?? ??? ??? ??? ??? ?? ??? ??? ?? ?? ???
cf pholis gunnellus 1 2 2 2           1 1         1 10
Sebastes viviparus       3                         3
Triglidae spp 6     2                   4     12
cf triglidae spp 1                               1
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 Phase 3: Historic Phase 2: Iron Age Phase 1: Bronze Age Total
Cottidae spp 3   1 2   1   2   1     1 4 2   ??
cf cottidae spp       1 1         1       2 2   ?
Myoxocephalus scorpius 23   5 1   2       3 2 2 1 2 1 1 44
cf myoxocephalus scorpius 2     2                         4
Taurulus bubalis 1   8 35 4   ?? ?? ?? ??? ??? ?? ?? ??? ??   125
cf taurulus bubalis     2 3                       1 6
Agonus cataphractus     1 1         1 1 5       1 1 11
cf agonus cataphractus                             1   1
Gasterosteidae spp 1                               1
Scophthalmus maximus           1                     1
Scophthalmus rhombus                   1             1
Pleuronectidae spp 10 1   3   1     1 2 2     5     25
Limanda limanda 1   1           2   1   1    ? ?? ?
cf limanda limanda       2                         2
??????????????????                     2           2
Pleuronectes platessa 1   1 2         1               5
Microstomus kitt       1                         1
Soleidae spp                               1 1
???????? ??   2 2         1 1 1     1     9
cf???????? 1   1         1 1 1 1           6
?????????????? ????? ???? ????? ????? ???? ???? ???? ???? ???? ???? ????? ???? ???? ???? ???? ???? ?????
?????? ????? ???? ????? ????? ???? ???? ???? ???? ???? ???? ????? ???? ???? ???? ???? ???? ?????
?????????????????? ???? ??? ???? ???? ??? ??? ??? ??? ??? ???? ???? ??? ??? ???? ??? ??? ????
?????????????? ?? ?? ??? ??? ??? ??? ??? ??? ??? ??? ??? ?? ??? ??? ??? ??? ??
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Illus???? ??????????????????????????????????????Patella vulgata) for each bulk sample
??????????????????????????? ??????? ???????????
(Dale Serjeantson pers comm). A low risk 
???????????????????????????????????????????? ???
??? ?????????? ??? ????????? ??? ???????? ????????
??????? ?????????????????????????? ???????????
Carrasco 1999; Ingrem forthcoming b). In 
contrast, there is evidence to suggest that higher 
risks were taken during the Norse period, with 
??????????????????????????????????????????????
???? ????? ??????? ???? ??????????? ????? ?????????
??????? ???????????????????????????????????????
Ingrem forthcoming c). At Croig Cave, there is 
nothing to suggest that offshore waters were 
?????????? ??????? ???? ????????? ???????? ?????????
??????????????????????????????????????????????
??????????????????????????????
???? ?????????? ?? ??? ????????????????????
?????? ????? ????????? ????????? ????? ?????? ????
were caught in rock pools and shallow inshore 
???????? ?????????????????????????????????????
????? ???? ?????? ??????????? ????? ?????? ?????????
?????????????????????????????????????????????????
???????????????? ??????????????????????????????????
?????????????????????????????????????????????????
there is little evidence to suggest that larger 
???? ????? ?????????? ??????? ???? ??????? ?????
There is plentiful evidence, both ethnographic 
and archaeological, to suggest that throughout 
???????? ?????? ????????? ?????? ???? ????? ???????
??????????????????????????????????????????????
prehistoric assemblages from the Northern 
and Western Isles of Scotland are dominated 
??? ?????? ???? ??????? ????? ????????????? ????????
??????????????????????????????????????????????????
?????????????????????????????????????????????????
time. At Croig Cave, it appears that a low risk 
??????????????????????????????????????????????
more varied resources. 
????????????? ??? ??????????????
Claire Ingrem
???????????????????????????????? ?????????????
????? ???? ????? ???????? ??????? ???? ??????????
those of rodents (n = 21), amphibians (n = 15), 
birds (n = 2), red deer (Cervus elaphus) (n = 1) 
??????????????????????????????????????????
?????? ??? ? ??? ?????? ?????????? ????? ????? ????
??????? ?????????????? ???? ?????????? ???? ????????
number (n = 11) coming from CCBS:2. There 
??? ??? ??????? ???? ???? ??? ?????? ??????? ??????
???????????????????????????????????????????????
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????????? ?????? ???? ??????????????? ????? ?????
living in the cave or represent the remnants of 
???????????????????????????????????????????????
??????????????? ???? ??? ?????? ????????? ????? ????
?????????????????????????????????????????????????
???????????????????????????????????
??????? ???????? ?????? ????? ????? ?????
??????? ????? ????????? ??????? ??????????? ????
???????????????????????????????????????????????
in number and covered a similar range of animal 
??????? ?????????????????????????????????????????
– cattle (Bos? ????? ??????????? ????????????? ????
pig (Sus sp). The cattle and pig bones were 
??????????? ??? ???? ?????? ????? ??????? ?????????
???????? ?????? ???? ???????? ?????? ????? ????
??? ???? ???? ??????????? ??????? ???? ????? ??????
?????????????????????????????????????? ????? ???
(Pinguinus impennis) from CC101. 
????????
Sarah Elliott
?? ?????? ??? ???????? ??? ???????? ?????? ????
??????????? ?????? ????? ?????????? ?? ??????????
???? ????????? ????? ??????????? ???? ???????????
??? ???????????????????????????????? ?????? 
(Patella vulgata?? ???????? ????? ???? ????? ?????
common species being the common periwinkle 
(Littorina littorea) and rough periwinkle 
(Littorina saxatilis; 35% combined) (Tables 19 
and 20). 
The concentration of mollusc shell showed 
????????????? ?????????? ???????? ???? ?????????
(illus 14b), with high densities in the central part 
??? ???? ???????????????? ???????? ????? ????? ????
?????????????????????????????????????????????????
??? ???? ????? ????????? ???????? ??? ???? ????????
other than CCBS:5, CCBS:11, CCBS:10 and 
????????????????????????????????????????????
All the samples from Croig Cave are 
?????????????????????????????????????????????
live on rocks or stones from high shore down 
??? ???? ????? ??? ???? ????????????? ?????? ????? ????
mobile, live on algae and are found on all 
British coasts. Periwinkles are also abundant 
????????????????????????? ????????????? ????????
??????? ????? ??????? ?????????? ?????????? ????
???? ???? ?????? ?????? ??? ???????? ??????? ????
periwinkle saxatalis group ????????????? ??????
?????????????????????????????????? ?????? ?????
marine species such as razor clam (Ensis spp) 
and blue mussel (Mytilus edulis) are also edible. 
?????? ?????? ???? ????????? ?????? ?????????
into sand, while blue mussels can be found in a 
??????????????????????????????????????????????????
????????????????????????????????????????????????
?????????????????????????????????????????????????
???????????????????????????????????Aegopinella 
nitidula), ???? ??????? ?????????? ????? (Lauria 
cylindracea) and the rotund disc (Discus 
rotundatus).???????????????????????????????????
????? ???? ???? ??????????? ??? ?? ?????????? ??????
environment. 
???? ??????? ??? ???? ?????????? ????????
CCBS:4 and CCBS:10, is the period of intensive 
???? ??? ???? ?????? ????? ?? ????? ???????????? ???
??????????????????????????????????????????
over periwinkles was recorded in CCBS:6 to 
CCBS:9, whereas CCBS:11 and CCBS:10 show 
the reverse. 
Measurements of molluscs within shell 
middens can be informative about collecting 
???????????? ?????? ???????? ????? ??? ????? ?????
mid or low shore while limpets with a 
pronounced cone tend to come from the upper 
shore (Classen 1998). Illustration 16 shows 
the average height:diameter ratio for whole 
????????????????????????????????????????????????
limpets; using average values for each sample). 
This shows limited variation throughout 
???? ?????????? ??????????? ??????? ?? ??????????
preference for collecting a certain size of limpet 
or a consistent size distribution of molluscs 
??????? ???? ????????? ??? ???? ????? ???? ?? ???????
??????????? ?????????? ???? ??????? ?????? ?????
??????????????????????????????????????????????????
??????? ?????? ?????????????? ??? ??????????????????
Reading reference collection, which represents 
limpets from throughout Britain. The same 
pattern is present for both species of periwinkle. 
??? ?????? ??? ???? ???????????? ??? ????? ???????????
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Table???
?????????????????????????????????????????????????????????
 Bulk sample Sheep/ Red Field Vole Rodent Medium Small Thrush Bird Amphibian
  (total non- goat deer Vole  mammal mammal
? ???????????
?????????????????
CCBS:1 (1)          1
CCBS:2 (11)   1 1 4 4  1
   (mandible)     (tarsmeta-
        tarusus)  
CCBS:3 (3)    1 1    1
         (tarsmeta-
         tarusus) 
?????????????? ??
CCBS:4 (9)  1  1 2  1   4
  (metatarsal)     (vertebrae)   
CCBS:5 (6)     3
     (incisor,   1   2
     humerus,  (caudal   (vertebra)
     radio-ulna)  vertebrae)   
CCBS:6 (3)    2 1
    (mandible, 
    molar)      
??????????? ? ? ? ? ?
     (scapula)     
CCBS:8 (2)     1 1
     (tibia) (rib 
      fragment)    
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CCBS:9 (5) .    1 2 1   1
     (incisor) (rib  (lumbar    (femur) 
      fragments) vertebrae)
CCBS:10 (5)      2 1   2
          (limb
          bones)
???????????????? ??
CCBS:11 (5)      1 1   2
      (caprine  (caudal   (limb 
      metacarpal) vertebrae)   bones)
CCBS:12 (1)          1
          (limb
          bone)
CCBS:13 (0) 
         
CCBS:14 (2)     1     1
     (femur)     (femur)
CCBS:15 (0)          
CCBS:16 (1)          1
Bulk sample Sheep/ Red Field Vole Rodent Medium Small Thrush Bird Amphibian
(total non- goat deer Vole  mammal mammal
???????????
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Table 18
???????????????????????????????????????????
 Cattle Sheep Sheep/ Pig Red Large Medium Small Vole Rodent Great Thrush Amphibian  Total
   goat  deer mammal mammal mammal   auk    
?????????????????
CC101 2 2   1 1 1 9 2 1 1 1   1  22
CC102 2   3     3 4         1 1  14
?????????????? ??
CC103 2     2 3 8 3              18
???????????????? ??
CC104         1                  1
CC109     1     1                2
Total 6 2 4 3 5 13 16 2 1 1 1 1 2 ???
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Table 19 
???????????????????????? ???????
 Patella Patella Littorina Littorina Littorina cf Lacuna Cepaea Cepaea cf Gibbula Gibbula Ensis Mytilus Crustacea Lauria Discus Aegopinella ?????????? ????
 vulgata Pellucida littorea ??????????? littoralis crassior nemoralis spp umbilicalis spp spp edulis  cylindricea rotudatus nitidula   
    group’  
?????????????????
CCBS:1 *  * *
CCBS:2 *  * *
CCBS:3 *  * *              *
?????????????? ??
CCBS:4 *  * * *       * *  
CCBS:5 *  * * *    * *  * *     *
CCBS:6 *  * * *     *   * *   *
??????? ?? ? ?? ?? ?? ?? ? ? ? ?? ? ? ?? ? ? ? ?? ?
CCBS:8 *  * * *     * * * *   *
CCBS:9 * * * * *   *  * * * *  * *  *
CCBS:10 *  * * *  *   * * * *   *
???????????????? ??
CCBS:11 *  * * *        *     *
CCBS:12 * * * *         *    *
CCBS:13 *  * *      *   *
CCBS:14 *  * *       *  *
CCBS:15 *  * *         *
CCBS:16 *  * *         *  
114 | ??????????? ????????????????????????????
???? ?????????? ??? ?????? ??????? ????????? ?????
either periwinkles or limpets were being over-
?????????? ??????????? ???? ??????? ??? ????????? ???
Croig Cave. In light of the relative large size 
of the limpets, it would appear that throughout 
????????????????????????????????????????????????
collected at the high shore line where the larger 
shells are found (Cabral and Silva 2003). 
Table 20 provides the percentages of 
complete shells to fragmented shells (in weight 
percentage) for limpets and periwinkles. 
???? ????????? ??? ???? ???????? ????? ?? ???????
percentage of fragmented limpets to whole 
????????? ??????????? ??? ??????? ???? ?????????
There is a different trend for periwinkles: 12 out 
of the 16 samples contain a higher percentage of 
?????????????????????????????????????? ????????
??????? ?????????????????????????????? ????????
??????????????????????????????????????????????????
on variation in their structure, composition and 
????? ???????? ??????? ???? ?????????? ??? ????????
??????? ??????? ???? ???????? ???????? ????????????
??? ?????? ????? ???? ????????? ????? ?????? ????? ???
??????? ????? ???? ?????? ?????? ??????? ????? ??????
????????????????????????????????? ??????????????
???????????????????????????????? ??????????? ????
?????????????????????????????????????????????????
in the cave.
?????????????
Phil Austin
??????????????????????????????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????????
These along with bark and hazelnut shell 
fragments were included in the indeterminate 
???????? ?????????? ?????? ??? ????????? ???? ?????
???????? ??? ???? ????????? ???? ????? ???????? ????
???????????????????????????????????????????????
???????????????????
Taxon differentiation
???????????????????????????????????????????????
hardwoods (angiosperms) and four softwoods 
??????????????? ???? ??? ???? ????? ??????????
??????????? ?????? ????? ?Pinus sylvestris) and 
???? ?Taxus baccata), are native to Scotland; 
the two others, larch (Larix decidua) and spruce 
(Picea abies) were not native to the British 
?????? ??? ???? ?????????? ?????? ???? ??????? ????
????????????? ???????? ???? ???? ??? ????????? ???
?????????????????????? ??? ??????????? ?????????? ?????
are represented, it is possible that some of the 
???????? ?????????? ????? ???????????? ????????????
????? ????????????????????? ??? ??????????????????
???????? ???? ????? ??? ?????? ????? ???? ????? ????
affect the fact that both are represented. Willow 
(Salix spp) and poplar (Populus sp) are also 
????????????? ????? ???????? ???? ????????????????
????????? ??? ??????????????? ?????????????? ?????
?????? ????????? ????????? ??? ???? ????????? ???
???????????????????????????????????? ?????????
willow rather than poplar. The two native species 
of oak (Quercus petraea and Q. robur) cannot 
????????????????????????????????????????????????
distribution of the two oaks favours the sessile 
oak (Q. petraea) as the species represented 
rather than the pendunculate (Q. robur). The 
??????????? ?? ??????????? ??? ???? ??????????
????????? ??????? ?????????? ??????????????????
?????????????????? ?????????????????? ?? ????????
rowan (Sorbus sp) fragments, no attempt to do 
???????????? ?????? ?????????????? ?Prunus spp) 
????????????????????????????????????????????????
??????????? ????? ???? ???? ????????? ??? ????? ???????
????? ?????????? ????? ???????????? ?????????? ???
?????????????Prunus avium). 
Fragment condition and wood form
????????????????????????????????????????????????
was well preserved. Thermal degradation and 
the accumulation of mineral deposits were 
???? ??? ???????? ??? ??? ???????? ?????????????? ???
??????? ???? ??????????? ?????????? ??? ???????????
fragments. The degree of thermal degradation 
?????????????? ????????????? ?????? ??????????? ???
??????????????????????????????????????????????
or small branches, but none of the fragments 
????????? ???????????? ????????? ???????? ????????
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Table 20
?????????????????????? ???????
 Total weight of Percentage weight  No of species Percentage shell Percentage shell Fragmentation: Fragmentation: 
 fragments &  of shell of bulk present weight of limpet  weight of  percentage of percentage of
 whole shell sample  of total shell periwinkle complete limpet complete 
    weight total shell weight within total  periwinkle within
      weight of limpet total weight of
       periwinkle
?????????????????
??????? ??????? ????? ?? ?????? ?????? ????? ?????
??????? ?????? ????? ?? ?????? ?????? ????? ?????
??????? ??????? ????? ?? ?????? ?????? ?????? ?????
?????????????? ??
??????? ??????? ?????? ?? ?????? ?????? ?????? ?????
??????? ???????? ?????? ?? ?????? ?????? ?????? ?????
CCBS:6 ???????? ?????? ?? ?????? ????? ?????? ?????
??????? ???????? ?????? ?? ?????? ?????? ?????? ?????
??????? ???????? ?????? ?? ?????? ?????? ?????? ?????
??????? ???????? ?????? ??? ?????? ?????? ?????? ?????
???????? ???????? ?????? ??? ?????? ?????? ?????? ?????
???????????????? ??
???????? ??????? ?????? ?? ?????? ?????? ?????? ?????
???????? ??????? ????? ?? ?????? ????? ?????? ????
???????? ?????? ????? ?? ?????? ?????? ?????? ?????
???????? ??????? ????? ?? ?????? ?????? ?????? ?????
???????? ??????? ????? ?? ?????? ?????? ?????? ?????
CCBS:16 90.60 1.69 4 39.62 15.56 46.52 64.54
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Table 21
?????????????????????????????????????
 Taxa Qty. Wt.(g)
?????????????????
CCBS:1 Betula sp 
 Calluna vulgaris 
 Corylus avellana
 Maloideae (Sorbus???????
 Prunus sp 
 Pinus sp
 Quercus sp
 Salix/Populus
 Taxus baccata
 Indet (inc bark; nutshell)
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
CCBS:2 Betula sp
 Calluna vulgaris
 Corylus avellana
 Fraxinus excelsior
 Prunus sp
 Quercus sp
 Salix sp
 cf Sambucus nigra
 Indet (inc bark; nutshell) 
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
CCBS:3 Betula sp
 Calluna vulgaris
 Corylus avellana
 Fraxinus excelsior
 Prunus sp
 Quercus sp
 Salix/Populus
 Taxus baccata
 Indet (inc bark) 
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
?????????????? ??
CCBS:4 Betula sp
 Calluna vulgaris
 Corylus avellana
 cf Larix decidua
 Maloideae
 Prunus sp cf P. avium
 Quercus sp
 Salix/Populus
 Indet (inc bark; nutshell) 
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
3
11
32
4
1
2
9
10
3
25
0.031
0.138
?????
0.430
0.009
0.014
0.214
?????
?????
?????
1
36
48
2
1
1
1
1
8
0.031
0.588
?????
0.023
0.024
0.013
0.014
0.025
0.342
6
10
38
1
4
15
9
1
16
.134
?????
0.488
0.008
0.034
?????
0.038
?????
0.24
11
6
52
2
2
2
11
8
6
0.195
?????
1.125
0.041
0.046
0.040
0.245
0.154
0.095
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CCBS:5 Betula sp
 Calluna vulgaris
 Corylus avellana
 Hedera helix 
 Maloideae
 Prunus sp 
 Quercus sp
 Salix/Populus
 Indet (inc bark; nutshell)   
         ??????????????? ???? ?????
CCBS:6 Alnus glutinosa
 Betula sp
 Corylus avellana
 Picea sp
 Quercus sp
 Salix
 Indet (inc bark; nutshell)
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
??????? Betula sp
 Corylus avellana
 Picea sp 
 Quercus sp
 Salix
 Indet (inc bark) 
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
CCBS:8 Betula sp
 Corylus avellana
 Larix sp
 Prunus sp
 Quercus sp
 Salix/Populus
 Indet (inc bark; nutshell) 
? ? ? ? ? ? ? ? ? ??????????????? ???? ?????
CCBS:9 Alnus glutinosa
 Betula sp
 Corylus avellana
 Hedera helix 
 Quercus sp
 Salix sp
 Sorbus sp 
 Indet (inc bark) 
? ? ? ? ? ? ? ? ??????????????? ???? ?????
 Taxa Qty. Wt. (g) 
14
2
??
1
1
1
6
?
11
0.196
0.020
1.293
0.021
0.009
0.014
0.211
0.112
0.160
5
18
15
5
50
3
4
0.302
0.389
0.416
0.098
2.169
0.124
?????
8
22
3
12
38
??
0.331
???
0.119
0.536
1.131
?????
??
11
2
1
63
1
5
0.438
?????
0.159
0.015
2.201
?????
0.293
1
29
5
1
55
2
1
6
0.013
?????
0.169
0.110
1.489
0.008
0.041
0.330
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CCBS:10 Betula sp
 Corylus avellana
 Quercus sp
 Indet (incl bark) 
         ??????????????? ??? ?????
???????????????? ??
CCBS:11 Alnus glutinosa
 Betula sp
 Corylus avellana
 Quercus sp
 Indet 
         ??????????????? ??? ?????
CCBS:12 Corylus avellana
 Quercus sp
 Indet (incl bark) 
? ? ? ? ? ? ? ? ? ??????????????? ??? ?????
CCBS:13 Alnus glutinosa
 Betula sp
 Calluna vulgaris
 Corylus avellana
 Quercus sp
 Salix sp
 Indet
? ? ? ? ? ? ? ? ? ??????????????? ??? ?????
CCBS:14 Betula sp
 Corylus avellana
 Quercus sp
 Indet (incl bark) 
? ? ? ? ? ? ? ? ? ??????????????? ??? ?????
CCBS:15 Alnus glutinosa
 Corylus avellana
 cf Pinus sp
 Quercus sp
 Indet 
? ? ? ? ? ? ? ? ? ??????????????? ??? ?????
CCBS:16 Betula sp
 Corylus avellana
 Quercus sp
 Indet (incl nutshell) 
? ? ? ? ? ? ? ? ? ??????????????? ??? ?????
 Taxa Qty. Wt. (g) 
2
20
??
1
0.04  
0.591
?????
0.103
2
8
14
15
11
0.084
?????
0.291
0.431
0.298
4
8
14
0.038
?????
0.118
3
1
1
2
2
3
9
0.008
0.011
0.002
0.013
0.01
0.036
0.043
1
4
12
8
0.016
0.034
0.159
0.032
1
1
1
4
?
0.016
0.006
?????
?????
?????
1
3
6
11
0.003
0.019
0.021
0.193
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???????????????????????????? ?????????????????
in abundance from the occasional strand to 
??????????? ????? ???????????????????? ?????????
??? ?????????? ????? ?????? ??????? ???? ???? ????
???????? ??? ???? ??????????? ?????? ?????????????
damage, in the form of galleries or bore-holes, 
???????????????????????????????????????????????
??????? ????? ????????????????? ?????????????
curvature, the presence of the outermost 
?????? ??????????????? ????? ???? ???????? ????
oak fragments) indicate that the charcoal 
??????????????? ?????????????????? ???????????
branches and twigs. The possible stem-wood 
???????????????? ????????? ????????? ????????
that were mature and slow grown (narrow 
rings and, in some instances, heartwood) and 
???????????????????????????????????????????????
no discernible heartwood). Bark fragments 
????? ???????? ??? ????? ????????? ???????????
that much of the wood was collected with the 
????????????? ????? ????????????????????????????
??? ????? ????? ???? ??????????? ????? ??? ????
indeterminate fragments were derived from 
????? ??????????? ????????? ????????? ?????????
here as ‘knot-wood’, comparable to, for 
???????????????????????????????? ???????????????
around branch junctions.
Taxon representation and relative abundance
?? ??????????????????????????????????????????????
???? ?????????? ????? ????? ??????????? ??????????
?????????????????????????? ????????????????????
hazel (Corylus avellana) are represented in 
?????? ??????? ???? ????? ???? ???????? ???????????
the entire period of midden formation. Birch 
(Betula? ????? ???? ?????????????? ???? ??????? ???
well represented, each being present in 14 and 
??? ??? ???? ??? ????????? ?????????????? ????????
(Calluna vulgaris???????????????????????????????
??? ???? ????????? ???? ???? ????? ????? ???????????
?????? ????????? ??? ?????? ?Alnus glutinosa?? ????
samples) and the Maloideae (four samples). Ash 
(Fraxinus excelsior????????Hedera helix), larch, 
???????? ????? ???? ????????? ???? ???????? ??? ????
samples each, whilst elder (Sambucus nigra) 
?????????????????????????????????????
?????? ?????????? ????????? ??? ?????????
count and weight reveals that oak, hazel and birch 
are the three most common woods represented, 
??? ????? ???? ??? ?????? ??? ?????????? ?????? ??? ????
????? ????????? ????????? ??? ?????? ??????? ???
?????????? ??????? ???? ??? ????????? ????????? ???
???????? ?????? ??? ???? ?????? ????? ????????? ???
???????????????????????????????? ?????????????
???????????????????????????????????????????????
????????? ?????? ???? ???????? ??????? ????? ??????
and birch, which are present throughout the 
???????? ?????????????????????????????????????
????????? ??? ???????? ????? ?????? ?????????? ????
????????? ?????????????????????? ?????? ???? ??????
along with the earliest appearance of ash, 
????? ??????? ??????????? ???????? ???????? ??????
???? ????? ??? ???????? ????? ??????? ?????????
Samples CCBS:1 to CCBS:9 were large samples 
??????????? ?? ??? ??????????? ???? ?????????? ??
????? ???????? ??? ?????? ?????? ??????? ????????
????????????????????????????????????? ????????
?? ?? ??????????? ?????????????????????????????
????????????????????????????????????????? ???????
??????????????????????????????????????????????????
??????????????????????????????????????????????
weight of wood charcoal (illus 15c).
There appears to be a subtle change in 
?????? ??????????????? ????? ??????? ?????????
Samples CCBS:1 to CCBS:5 contain eight 
??? ????? ????? ???? ???????? ??????? ???? ?????
average for the remaining samples (CCBS:6 
???????????????????????????????????????????????
???????? ????????? ?????????? ????????????? ?????
CCBS:5 onwards (accounting for 65 of the 66 
?????????? ???????????? ??? ????? ??????? ??????? ???
???? ??? ?????????? ??????????? ???? ??????????
?????????? ???? ?????? ?????????? ?????????????????
?????? ???? ???? ???? ????????? ???? ???? ????? ??????
??????? ??? ???? ?????????????????? ??? ??????? ?????
CCBS:1 to CCBS:5 and is last recorded in 
CCBS:6. Spruce is also absent from CCBS:1 
??????????????????????????????????????????????
???????????????????????????????????????????????
???????????? ???????? ???????????? ????????????
?????????????????????????????????????????????????
???????????????????????
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Discussion
The woods represented in this charcoal 
??????????? ??????? ?????????? ?????????? ????
???????????????????????????????????????????????
wood for fuel and small branches and twigs for 
kindling. It is possible that some of the wood 
???? ????? ???????? ????? ?????????? ????????? ???
?????????????? ??? ???????????????????????????????
???? ??? ??? ????? ??????? ????? ???? ???????? ???????
??????? ???????? ????? ???? ????????? ??????????? ??
for the provision of heat and light and for food 
??????????? ???? ???????????? ???? ??? ???? ?????
within the cave for ritual activities cannot be 
????????????????????
???? ????????? ????? ??? ?????????? ??? ????
lowermost samples (CCBS:10 to CCBS:16) 
suggests that oak, hazel, birch and alder were 
???????? ?????????? ???? ?????????? ????????? ?????
??????? ?????? ????? ???? ???? ??????? ????????? ???
?????????????????????????? ??????? ?????????? ???
CCBS:13), heather (one fragment in CCBS:13) 
and pine (one fragment in CCBS:15) were 
???? ????? ?????? ????? ?????????? ??? ???????? ???
CCBS:16. This contrasts with later deposits 
(CCBS:1 to CCBS:9) in which the range of 
?????? ????? ???????? ????????????? ?????????
Though oak, hazel and birch remain the main 
?????? ?????? ???? ????????? ??? ??????????????
????????????????????????????????????????????????
????????? ?????????? ?????? ??????? ??? ??????? ???
???????? ?????????? ???? ??????? ????? ????????
???????????????? ???? ??????? ????????? ???? ??????
??????????????????????????????????? ???????????????
???????????????????????????????????????????????
??????????????????????????????????????????????
???? ????? ????? ????????? ??? ?? ?????????? ?????
????????????????????????????????????????????????
The opportunistic use of driftwood from the 
???????? ?????? ???????????? ????? ??? ?????? ????
spruce, is also evident. 
It seems that the increase in the range of 
woods collected for fuel represents a change 
??? ??????????? ?????????? ?? ????? ?? ????????? ?????
had been selective to one more opportunistic in 
character. Although social and cultural factors 
???? ????? ???? ??? ????????? ????? ???????????
behaviour on the Isle of Mull, a decline in 
???? ????????????? ??? ?????????? ????? ??????? ?????
oak, hazel, birch and alder, is considered the 
principal reason that compelled the population 
to broaden the range of woods used for fuel. 
???? ???? ????????? ??? ????????? ??????????
from the earliest samples, compared to the 
??????????????????????????????????????????????????
?????????????????????????????????????????????????
but indicates greater volumes of wood were 
being consumed as time progressed. Evidence 
indicative of fungal attack in fragments from 
all samples suggests that much of the wood was 
?????????????????????????????????????????????
rather than as ‘green’ wood, such as that made 
available through clearance or the removal 
of branches during management procedures. 
???????????????????????????? ???????????????????
cannot be discounted and fungal degradation 
could have occurred during storage.
OVERVIEW
Croig Cave adds to our growing appreciation 
of the role of caves in the later prehistoric and 
historic settlement patterns of western Scotland 
(Ritchie 1966; Tolan-Smith 2001; Birch & 
Wildgoose 2004, 2005, 2006; Wildgoose & 
????????????? ??????????????????????????????????
???????????????????????????????????????????????
??? ???? ????????? ????? ????? ????? ?????????? ????
?????????? ????????????????????????????????????
?????????????????????????????????????????????
??? ???????? ???? ?????? ???????????????????? ???????
for the amber bead, bracelet and piece of iron 
?????? ??????? ???? ???????? ??????? ????? ?????
noted how later prehistoric and historic middens 
?????????????????????????????????????????????????
artefacts. 
The original dimensions of the shelter 
????????????????????????????????????????????????
in light of the substantial collapse in front of the 
?????????????????? ?????????????????????????????
area was once located in a centre of the cave, 
????????????????????????????????????????????????
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????????????????????????????????????????????????
????????? ????????? ?????????? ??? ????? ????????? ???
???? ??????? ??? ????????????? ???? ??????????? ???
?????????? ????????? ??? ?? ???????? ?????? ??? ??????
???? ????? ?????????? ???????? ??????? ???? ????
making of small hearths within the cave. There 
are, however, changes in the composition of the 
???????????????????????????? ????? ??????????
subtle changes in subsistence and other forms 
????????????
???????
????????????????????????????????? ???????????????
dates to c ????????????? bc. This began a phase 
??? ?????? ????????????????????????????????????????
????????????????????????????????????????????????
Sediment accumulated within the cave from a 
??????? ????????????????????????????????? ????????
the cave and the deposition of midden material, 
??????????? ??????????????????????????????????????
????? ?????????????? ?????? ???????? ??? ??????????
?????????? ??????????????????????????????????????
poor preservation in the earliest deposits, the 
???? ??????? ???????????? ??????????????? ?????????
????????????????????????????????????????????????????
???? ????? ??????? ??????????? ???? ???? ???????????
The deposition of mollusc shells was also 
??????????? ???? ??? ????? ?????????? ???? ????????
?????????????????????? ??????????????????????????
in number, with a wide range of species being 
??????????? ??????????? ???????? ???? ???? ??? ?????
???????????????????
The accumulation of midden deposits 
within caves during the Bronze Age is known 
from several sites, including Tinkler’s Cave at 
????????????? ????????????? ??????? ????? ???
?????????????????????????????????????????????
(Birch & Wildgoose 2004) and Sculptor’s Cave, 
??????????????? ?????????? ???????????? ??? ???
?????????????????????????????? ???? ????????????
also diverse with regard to species and noted 
??? ??????? ????? ??????????? ?????? ????? ???????
Age middens are also known from open sites 
?????????????????????????????????????????? ??????
????????? ??????? ?????????? ??????? ?????????
??????? ???? ?????????? ?????????? ??????????
?? ????????? ??????? ?????? ????? ?????????????
??????? ???? ????????? ?????????? ????? ??? ????
??????? ???? ???????? ???????? ?????????
one must assume that this was limited when 
compared to that of animals and plants, both 
domesticated and wild. 
?????? ???????? ??? ????? ????? ?? ????????????
????????????????????????????????????????????????
the cave at c 950 cal bc. At least two small 
???????? ?????????? ???? ????? ???? ?????? ?????????
these appear to have been little more than 
scoops or even the minor enlargement of 
natural depressions. A copper bracelet, made 
with ore originating in Ireland, and a single 
amber bead were deposited within one of these 
????????????????????????????????????????????????
of c 950 cal bc ????????? ?? ????? ??? ????? ????
?????????????????????????????????????????????????
the Ewart Park phase dated to c 1020–800 cal 
bc ????????????????????????????????????????????
metalwork within caves is well known from 
the Bronze Age, this often being associated 
????? ?????? ???????? ?????????? ??????? ????
???????????????????????????????????????????
????????????????????????????????????????????????
The association of a bracelet and amber bead 
is notable, this also being known from the 
Glentanar and Balmashanner hoards and the 
????????? ????? ????? ???????? ??????? ???????
??????? ????????? ????? ?????? ???? ???????????
important in the Irish Bronze Age, it being 
transported or traded across northern Britain. 
In this regard, the Irish origin of the copper ore 
used to manufacture the bracelet is of particular 
interest. 
???????
While the available radiocarbon dates suggest 
?? ??????? ??? ????????? ????? c 480–200 cal bc 
and a minimum number of two events during 
???? ???? c ???? ??????? ??? ???????? ????? ????? ???
?????????? ?? ????????? ??? ???? ????????? ?????????
???? ???? ?????????????????????????????? ????????
????????????????????????????????????????????????
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events resulting in the accumulation of midden 
?????????? ???? ?????????? ??? ?????? ????????? ????
variable: on some occasions this was limited, 
???????????????????????????????????????????????
and lenses of blown sand to accumulate on the 
midden surface; at other times, there was a rapid 
accumulation of midden deposits. Other than 
towards the end of this Phase, there appears 
??? ????? ????? ?? ????????? ?????? ????? ??????? ???
????????? ????????????????? ??????? ????? ???? ???????
????????? ????????????? ?????? ???? ?????????????
a wide range of species. This might, of course, 
represent changes in deposition patterns within 
???? ????? ??????? ????? ?????????? ????? ???? ??????
???????????????????????????????????????????????
Midden deposits are commonplace on Iron 
???? ?????? ??? ?????????? ????? ???? ?????? ??????
??? ???????????? ???? ??????? ???????????????
??????? ??? ????? ??? ???????? ?????????? ??????????
??????????? ????? ?????????????? ?????????????????
?????? ??????????????????????????????????????????
?????????????????????????????????????????????????
?????????????? ?????????????????????????????????
???????????????????????????????????????????????
???????????????????????????????????????????
increase over those of the Bronze Age Phase 
in light of the substantial increases in charcoal. 
The piece of iron slag suggests that this might 
??????? ????? ????????? ??????? ????????? ?????? 
the cave, as is known to have occurred within 
??????????????????? ?????????????????????????
??? ???? ???????? ????? ??????? ?? ??????????
2005). 
???????
???? ????????? ????????? ??????? ???? ????? ??????
derive from one single event at c ad 1210, but 
????????? ???????? ??????? ??????????? ?????????
??????????????????????????????????????????????????
???????? ?????????? ??????? ????????? ????? ????
Pictish, Viking, Norse and later periods are 
??????????? ??? ?????????? ????? ??? ??? ?????????
????????? ?????? ???? ????????? ????????? ??
??????????????????????????????? ??????????????
???? ????????? ?????????? ????? ??????? ???????
???????????????????????????????????????????? ???
?????? ??? ?? ?????????? ??? ????????? ?? ??????????
variable midden deposit. The increase in 
???????????????????????????????????????????????????
changes in woodland composition, which will 
??????????????????????????????????????????????
?????????? ????? ?????? ???? ?????????? ???????
???????????? ????????????????????????????????????
??????????????????????????????????????????????
zinc that might derive from the processing of 
?????????????????????????????????????????????????
??????????????????????????????????????????????
levels of charcoal within the deposits, but these 
????????????????????????????????????? ??????????
??????????????????
???????
Although a large number of standing monuments 
for the Bronze and Iron Ages on the Isle of Mull 
????? ????? ??????????? ???????? ??????? ????
?????????? ??? ???? ?????? ???????????? ????????
remains limited. Croig Cave provides insights 
????? ???? ???????? ??? ????? ????????? ????????
the collection of limpets and periwinkles, 
??????????? ?? ?????? ??? ?????? ?????????? ???? ????
????????? ??? ?? ???????? ?????? ??? ??????????????
??????????????????????????????????????????????????
????????????????????????? ?????????????????????
???????????????????????????????????????????????????
over three millennia while there were, no doubt, 
??????????? ???????? ??? ?????????? ???????? ????
????????? ?????? ???? ?????????? ??????? ???? ?????
??? ???? ??????????? ??????????? ??? ???? ?????????
and bead, suggesting links with Ireland, and 
the presence of iron slag indicating smithing 
or smelting in the cave. Full interpretation of 
?????? ?????????? ????? ??? ????????? ????? ???????
????????????????????????????????????????
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RADIOCARBON DATING AND BAYESIAN 
MODELLING
Shell samples received an acid etch chemical 
pre-treatment prior to radiocarbon dating, while 
the sample of wood underwent acid-alkali-
acid washing. Calibration of their conventional 
radiocarbon ages (14?? ?????? bp) was achieved 
?????? ???? ??????????????????? ????????? ???????
??????? ??????? ?????? ???? ???? ????? ???????
IntCal 09 and Marine09 radiocarbon calibration 
curves (Reimer et al 2009). Radiocarbon dates 
obtained from limpet shells were corrected 
for the local marine reservoir effect (–64 ± 46 
??????? ???????? ?? ??????? ??????? ???????????
?????????????????????????????????bc in the 95.4% 
????????????????????????????????????????????????
????????????????????????????
????????? ?????????? ??? ???????????? ??????
??? ???????????????? ???????? ??? ???? ???????????
??? ????????????? ??????? ???????????? ???? ?????
????????????????????????????????????????????
???????????????????????????????????????????????
incorporates stratigraphic and successional 
information into the calibration process (Buck 
et al 1991, 1992) to generate a set of prior 
(unconstrained) and posterior (constrained) 
???????????? ?????????????? ???? ???? ????????????
age determinations. The degree of overlap 
????????????????????????????????????????????????
?????????????????????????????????????????????????
??? ?? ??????????????? ????????????? ???????????
distributions giving high values. An agreement 
?????? ??? ?? ??? ???? ????? ???????????? ??? ??
threshold below which individual dates within 
a chronological model and for a model as 
?? ?????? ??????? ??? ????????? ??????? ???????
2008). 
???? ????????? ???????????? ??????? ??????
???????? ??? ???? ?????? 14C calibration program 
??????? ??????? ??????????? ??????????? ????? ???
calibrate the radiocarbon time-scales for the 
?????? ??????? ????????????????? ???????? ?????
?????????? ??????????? ?????? ??? ????????? ???
????????????????????????????? ????????????????????
included all radiocarbon dates in stratigraphic 
??????? ???????? ???????????????? ?????????? ???
eliminating inconsistent dates from the model 
until a high level of agreement between the 
dates and the model was attained. Values falling 
???????????????????????????????????? ??????????
??? ?????????? ?????????? ???????????? ??????????????
?????????????? ??????????????????????? ???????
??????????????? ???????????????????????????????? ???
??? ??????? ???? ?????????????? ???????????? ????? ???
this basis, were rejected from the Croig Cave 
chronological model. In the present case, we 
???????????????????? ???????? ???? ?????? ???????
????????? ??? ?????????? ?????? ???? ???? ????????
model of 100.2%.
???????????????????????????????????????????
????????? ???? ???? ??? ??????????? ??? ?????? ????
beginnings and endings of phases of deposition. 
Sections of the midden were divided into phases 
of use according to the alignment of groups of 
radiocarbon determinations and the separation 
in time between them. This ensured that the 
????????? ???? ???? ???????? ????????? ??????????
????????????????????????????????????????????????
?????????????????????????????????????? ???????
???????????????????????????
?????????? ???????????? ?????????? ????????
estimates are distinguished from calibrated 
?????????italics. 
Radiocarbon dates were also subjected 
??? ??????????? ?????? ??? ?????????? ????????? ???
???????????????????????????????????? ??? ??????
cases where there was no such evidence, the 
?????????????????????????????????????????????????
????? ???? ???????????? ??? ??????? ???????? ????? ??
??????? ????????????? ???????????????? ???????????
tests it was possible, therefore, to suggest a 
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minimum number of phases of use of the midden 
from which the 14 radiocarbon dated samples 
????????? ?????? ???????? ????????????????????
???????????? ????????? ????????????????? ???????
???????? ????? ??? ???? ???? ??? ???? ???????????
??? ?? ?????? ???????? ????????????? ??????????
understanding or interpretation.
X-RAY DIFFRACTION (XRD)
????????? ????????????????? ???? ????????? ???
???????????? ????? ??????????? ?????? ????
????????????????????????? ?????? ?????????????
?? ?????????????????????????????????? ??????????
???????????????????????????????????????????????
mill using agate grinding elements. Powdered 
?????????? ???????????? ??? ???????????? ??????
?????? ???? ???????????? ????????????????????? ???
?????? ???????????????????????????????????????
????? ????????? ?????? ?? ???????? ????? ??????
Diffractometer with Diffrac-Plus software, Cu 
??????????????????????????????? ??????????????
????????? ???????? ????? ?????????? ??? ??????????
to known powder diffraction patterns (ICDD 
Powder Diffraction File Inorganic Subset; 
??????????? ???? ?????????? ?????? ?? ????????? ???
???????????????? ????? ??????????? ????? ????????
???????????????????
???????????????????????
Individual elements in the powder samples 
????? ???? ???? ????????? ????? ?????????? ????
?????????? ?????? ????? ????? ??????? ???? ?????
to substantiate the results and interpretation 
of the XRD data providing a breakdown of 
the elemental composition of the samples. 
??????????? ??????? ???????? ????? ????????? ???
determine major and trace elements. A wide 
range of international reference standards 
(Govindaraju 1989) were used to calibrate 
the instrument and were run in each batch of 
samples to provide an internal standard check 
??????????????????????????????????? ????????????
??????????? ?????? ?? ???????? ??? ????? ??????
????????????????????????? ????????????????????
???????????????????????????????????????????
software. The nominal detection limit of trace 
elements was 5ppm, while a standard error at 
?? ?????? ?????????? ??????? ?????? ??? ??????????
elements was a nominal 5%.
????????????????????????????????
Particle size distributions on the coarse fraction 
??? ??????????? ???????????? ??? ?????? ??????????
??????????????????????????????????????????????
stack of sieves using sieve apertures set at single 
phi intervals (64mm, 31.5mm, 16mm, 8mm and 
2mm) and placed on a mechanised shaker for 
30 minutes. Sample statistics for PSD of both 
????????????????????????????????????????????????
?????????????????????????????????????????????????
produced using the Gradistat software (Blott 
?????? ??????? ???? ???????????? ??? ????????? ?????
???????????? ???????????????????????????? ????????
problematic as the presence of carbonates, iron 
??????? ????????????????????? ???? ??????? ?????????
Interpretations were based, therefore, on mean 
values and degrees of sorting to allow for 
comparisons of the different size class inputs 
????????????????????????????????????????????????
????????????????????????????????????????????????
sediments. Interpretations of skewness were not 
????????????????????????????????????????????????
is unimodal distribution that allows for standard 
deviations to be measured, circumstances that 
????????????????????????????????????????????????
sediments such as these studied here. 
LOSS ON IGNITION (LOI)
???????? ???????????? ??????????????? ?????? ???
sediment fraction was determined using 
the method of Bascomb (1982) to provide 
information about the organic content of the 
???????? ?????? ??? ??? ???????? ????????? ????
weighed into an ignition resistant container and 
placed in an oven at 105oC overnight. Water 
content percentage was calculated using the 
following formula:
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= 100 × [(weight of bulk sample – weight of 
?????????????????????????????????????????
The container and contents were re-weighed 
and placed in a furnace at 950oC for two hours. 
Samples were placed in a desiccator to cool and 
re-weighed. Loss on ignition percentage was 
calculated using the following formula:
???????????????????????????????????????????????
??? ???????? ????????????????? ??? ???????????
?????????
????????????????????????
????????? ??????????????? ????????????? ??? ????
????????????????? ????????????????????????????
to provide information about pedogenic 
?????????? ???? ???????? ???????????????????????
10g of sediment were placed inside a Bartington 
???????????? ????? ????? ?????????? ????????
???????? ??? ?? ???? ????????? ???????????????
?????? ??? ??????? ????????????????????????????
???? ?????????? ????? ???????? ?????????
??????????????? ???? ?????????????? ???????????????
weight) measurements were obtained using The 
?????????????????????????????????–8????????
LEAD ISOTOPE COMPOSITION OF BRACELET 
AND SLAG
Because the isotopes of Pb are not affected to 
????????????? ??????? ???????????? ???? ?????????
??????????? ????? ????? ??? ?????? ??????????????
???????? ?????????? ??? ???????????? ??? ??????? ????
source of Pb ore used in the manufacture of 
artefacts. As three (206Pb, ???Pb and 208Pb) of 
??????????????????????????????????????????204Pb, 
206Pb, ???Pb and 208Pb) are end members of 
???????????? ?????? ??????? ?208Pb [232????? ???Pb 
[235???????206Pb [238??????????????????????????????
different isotopic composition according to 
?????? ???? ???? ???????? ?? ???? ??? ???????? ??? ????
rocks. The isotopic composition of produced Pb 
??????????????????? ??????????????? ??????????
emitted from the burning and production of Pb 
????????????????????? ???????? ??????? ?????????
composition of the ore used in production. 
?????? ???? ??????? ????????? ??? ???? ??????? ???
materials which hamper some interpretations of 
?????????????????????????????????????????????????
???????????????????????????????????????????????
recast with artefact fragments coming from 
?????? ?????????? ???????? ?? ???????????????? ???
isotopic composition relating to an ore source 
from which none of the original fragments had 
derived. For further discussion of the principles 
???? ????????????????????????????????????????????
??????????????????????????????????????????? ?????
et al (1990); Arribas et al (1991); Stos-Gale et al 
???????????????????????????????????????????????
Rohl & Needham (1998).
?????? ???????? ?????????? ??? ???? ??????
fragments were removed from the bracelet with 
a dentist drill (2,000rpm) using small (1mm 
diameter) acid-washed, stainless steel, diamond-
coated drill bits. These were then homogenised 
???????????? ?????????????????????????????????????
an oven at 105oC for 24 hours to remove surface 
moisture. Further small samples (26–113mg) 
of corrosion products were removed from the 
surface of the bracelet. These samples were 
?????????????? ????????? ???? ????? ????? ?????????
??????????????????????????????? ????????????
Coupled Plasma Mass Spectrometer. Although 
????????? ?????? ??? ???? ???????? ????????? ??? ????
??? ???? ???? ??????? ????? ?????????? ??? ????????
the mass spectrometer in isotope ratio mode 
?????????????????????????????????????????????????
time (100ms) together with an average of 45 
passes per replicate sample. This brought the 
???????????? ???????????????? ?????? ?????????????????
??? ?????? ??????????????????????????????????????
standards (Re and Rh) in a 10.00 ±? ????????
concentration. Detection limits at masses 204 
and 208 were better than 6ng after correcting 
for dead time, background and mass bias. 
Replication of multiple digestions from single 
samples was better than 0.6%, whereas replicate 
????????????????? ??? ? ?????? ??????????? ????????
was better than 0.3%.
The sample solutions used in the Pb isotopic 
??????????????????????????????????????????? ?????
????????????????????????????? ?????????????????
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a range of metals using the same Perkin Elmer 
??????????????????????????????????????????
Spectrometer.
?????? ?????? ????????????
????? ???? ????????????? ?????????? ????? ????
Croig cave bulk samples using 4mm, 2mm and 
1mm sieves providing a representative sample 
????????????????????????????????????????????????
?????????????????????????????????????????????????
????????????????????????????????????????????
??? ?????????????????????????????????????????
???????????????????????????? ??????????????????
??? ??????????? ??? ????????????? ?????????
???????????????????????????????????????????????
???????????????????????????? ?????????????????
??????????????????????????????????????????????
and anatomical element where possible (with 
????????????????????????????????????????????????
a basic fragment count of the Number of 
????????????????????????????
????????????????????????????????????????????
?????????????? ????????????????? ????????????
????????????? ??????????????????????????????
Whenever possible, elements were sided. The 
state of preservation was recorded as good, 
medium and poor. Few cranial or appendicular 
????????? ???????????????????? ????????????????
complete to allow measurements to be taken. 
??????????????????????? ????????????????????????
with the aid of reference specimens following 
???? ??????????? ????? ?????????????????? ???????
?????????????????????????? ??????????????????
300mm), medium (300–600mm) and large 
(600–1200mm). 
??????????????????????????????????????????
???? ??????????? ??????? ????? ??? ???? ??????????
remains belong to corkwing (Crenilabrus 
melops). It is probable that most of the bones 
categorised as Labridae are also corkwing 
???? ??????????? ????? ?????????? ????? ?????
representation, all wrasse bones have been 
combined. This was not possible for species of 
cod (Gadus spp) and hake (Merluccius spp) as 
numerous species are represented. Due to the 
?????????? ??? ?????????? ???????????? ?????????
???????????????????????????????????????????????????
?????????? ?Pholis gunnellus?? ?????? ????? ???
?????????? ?????? ???? ?????????? ???? ????????????
???????????????????????????????????????????????????
????????????????????????????????????????????????
representation of cranial bones.
????????
Mollusc shell was handpicked from each of the 
sieved bulk samples fractions from the 4mm, 
2mm and 1mm meshes. The shell was washed 
???? ????????? ???????? ???? ??? ????????????
?????????? ????? ?????? ??? ?????? ?????? ?????
???????? ??????? ???? ???????? ????????? ?????
considered the remains recovered from the 
4mm mesh. The molluscs from the > 4mm 
????????? ????? ?????????? ?????? ???? ???????????
of Reading reference collection, with 
?????????????????????????????????????????????
Bell. Fragmented and complete shells were 
separated for the three main species, Patella 
vulgata, Littorina littorea and Littorina 
saxatalis group. Note that for the purposes 
??? ????? ??????? ???? ???????? ??? Patella were 
categorised as Patella vulgata. Complete 
shells were counted for these three species and 
????????????? ????????? ??????????? ??????????
???? ??????????????????????????????????????????
Absolute weight measurements were also 
recorded for all species. 
?????????????
?????? ??? ?????????? ???? ???????? ????? ??? 
sieved through 4mm, 2mm, 1mm and 500?m 
sieves and oven dried at 40°C. Following a sub-
????????? ????????? ???????????? ??? ???????
(1998); but see also Asouti & Austin (2005); 
?????????????????????????????????????????????????
???????????????????????????????????????????????
??? ?????? ??????????? ???? ?????????? ?????
each sample containing > 100 fragments were 
????????????????????????????????????????? ?????
samples contained 25–100 fragments, 50 
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???????????????????????????????????????????????
?????? ???????????????????????????? ????????
?????????? ??? ?? ?? ??????????? ??????????
????? ?????? ???? ??? ?????????? ???? ????????? ???
‘indeterminate’. In most instances, c 80% of 
??????????????????????????????????????????????
?? ????????????????????????????????????????
?????????? ??????????????????? ??????????????
????????????????????????
???????????? ???? ????????? ??? ???? ?????????
fragments followed standard procedures, as 
?????????? ??? ??????? ???????? ??????????????
was aided through reference to the relevant 
???????????? ???????????? ?????????????? ???????
and Greguss (1954).
??????????????????????????????????????????
??????? ????? ???????? ??????? ????????? ????
?????????????????????????? ???????????????????
??????????????????????????????????????????????
????????? ???? ???? ??????????? ??? ?? ???????
??????????? ???????????????????? ????????? ??????
nor weight values are reliable indicators of 
relative abundance (not least because a small 
????????? ??? ?????? ?????????? ???? ?????? ?????
????????????????????????????????????????????????
?????????? ??? ???? ????? ???????? ???????????
together, however, fragment count and weight 
??????? ??? ???????? ????? ??????????? ??? ??????
abundance. As an alternative measure of 
????????? ??????????? ?????? ??????????? ????????
?????? ????????????????????????????????????????
??? ?????????????? ???????? ????????? ??????????
??????????????????????????????????????????? ????
?????????????????????????????????????
?????????????????????????????????????????????
recording: growth ring counts, ring curvature 
???? ???????? ?????? ????? ???? ?????????????????
of pith, innermost wood, outermost wood or 
?????? ????????? ??????????? ??? ????????? ??????????
????????????????????????????????????????????????
These observations were made to: (a) assess 
???? ???????????? ????????? ??? ???? ?????? ??????
that is, twig, branch or stem and if derived 
from sapwood or heartwood; and (b) to assess 
???????? ??????????? ??? ????????? ??? ?????????
???????????????????????????????????????????????
??????????? ??? ??????? ??? ????? ????? ??????
??????????????
Possible biological degradation, as indicated 
??????????????????????????????????????????????
?????????????????????????????????????????????????
????????? ???? ?????????? ??? ???????? ????????????
was assessed according to the level of detailed 
??????????? ????????? ????????? ???? ???? ?????????
??? ???? ??????????? ??????????????????? ????????????
These observations were made to better 
understand the condition of the wood when 
collected and burned and the possible character 
????????????????????????????????????????????????
??????????????????????????????????
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